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ABSTRACT

A computer-aided data acquisition system was developed
and a microthermocouple probe constructed to obtain thermal
distributions in turbulent buoyant jets exposed to a cross-
flowing ambient fluid. The system performed high speed
temperature measurements as a microthermocouple probe was
automatically traversed through a sequence of preprogrammed
positions under the control of a microcomputer. Operability
of the apparatus was demonstrated by measuring temperature
distributions in planes perpendicular to the streamwise axis
of jets from which contour plots of temperature were gener-
ated. Using temperature distributions along with velocity
distributions allow buoyant jet characteristics to be
computed, including the entrainment rate of ambient fluid,
jet trajectory, and heat transfer to the ambient. The

experimental technique 1is discussed and temperature contour

plots for a jet at various planes are presented.
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I. INTRODUCTION

Buovant Jets are very common in nature. We see them in
the form of exhaust gases emitted from smoke stacks of
refineries, mills and ships. We see them in the form of
neated waste water expelled into the sea from power plants
and from the main propulsion condensers in steam driven
ships and submarines. It is no wonder that the fluid
mechanics and heat transfer characteristics of buovant jets

have been of interest to environmental, civil and mechanical

engineers for decades. To evaluate their ecological impact,

rh

and of most recent interest, to harness buoyant jets as a
means of detecting military targets and guiding weapons, it
is necessary to develop models which accurately predict
thelr trajectory and decay.

Most studies to date have dealt with buovant jets rising
through a guiescent ambient fluid; however, 1n nature most
rroplems invelve flowing ambient fluids. Relatively little
wwperimental work has been done with buoyant jets in cross-
low and, according to Hilder [Ref. 1], the trajectories of
245 and the ¢ntrainment rates of ambient fluid predicted
“rom wrevious work do not agree well with cne another. Most

mathomatical models of buoyant jets in crossflow assune

flaussien proriles for veloclity and temperature.  Nickodem
Vet L 20 has shown Yhrounh experiments that in fact, the
11
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Gaussian profiles of velocity are altered by crossflow.
This leads one to suspect that the same may be true for the
temperature profiles.

The objective of this work was to develcp a system to
thermally map a buoyant jet in crossflow. Then, by measur-
ing both velocity and temperature distributions, improved
computations of entrainment, trajectory and heat transfer
characteristics of jets can be made thereby giving rise to

more accurate models.

12

) - o o el o o - L P a3 S S e S

PRI T G A S S WY S S W S

YT S N WU S WP v

“L-A;JJ‘ ‘.'.A‘AA'# o PG ¥ SN

L, e




R M S B e M AR A S A g g IR T——y—

II. BUOYANT JETS DISCHARGED TO A CROSSFLOW J
|

A. PROPERTIES OF BUOYANT JETS

A buoyant jet 1s characterized by a momentum and a

density differential between the jet and its surrounding
ambient resulting from a variation in temperature and/or

fluid concentrations. Therefore, fluid motion in the jet

is governed by both inertial and bucyant forces. The non-
dimensional ratio of these forces, known as the densiometric
Froude number, provides an important guantitative measure-
.
ment of jet characteristics and is shown below. ”
v’ _
F = - y
gb(e, -0 )/og ]
»
where Uo is the jet's discharge velocity, g is the accelera- "
tion of gravity, D is the discharge diameter of the jet, .
-3
‘a “a is the density of the crossflowing ambient and 5 is q
g the density of the jet fluid at its point of discharge. ;
: The Gaussian velocity and temperature profiles assumed ;
r’ by most models of buoyant jets are very similar. Velocity L)
: behavior is given by: "]
. 1
K 2,2 X
U(r = U e -r /B ’
%_ (r) n exp(-r/B%) :
‘
1 . A . . .
r where Um is the centerline velocity, r is the independent
i 1
L. variable and a radial distance from the centerline of the !
i
] 13 ]
i
¢ »
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0

jet, and B is defined as nominal -o¢t halsfwidth., As r
approaches B, velocity decays to (i 2. Fef, 3]. Simi-

larly, temperature behavior 1is given byv:
2 :
T(r) = Tm exp(-r~, -"B7)

where Tm is the centerline temperature, r and B are defined
the same as above and ‘, a spreading ratio, 1s the inverse
of the turbulent Schmidt number (S). S 1s defined as the
ratio of the molecular momentum and mass diffusivities and

is equal to v/D where v is the kinematic viscosity and

AB

DAB is the binary mass diffusion coefficient associated with
substances A and B [Ref. 4]. Although ) varies inversely
with the Froude number, the change is very slight, and in
the case where substances A and B are both water, X is
slightly greater than 1. Hirst [Ref. 3] found A to vary
between 1.16 at F = 0 to 1.11 at F = infinity. The net
effect then, i1s a more gradual temperature decay than was
found with velocity.

Most buoyant jet models consider the entrainment of the
ambient fluid into the jet and are based on relevant conser-
vation equations of mass, momentum and energy. In conserva-
tion of mass, the downstream change in total mass of the jet
is equated to the mass of the entrained fluid. The conser-
vation of momentum must consider both vertical and horizontal

contributions. Changes in vertical momentum are equated

to the buoyant forces while changes in the horizontal

14




momentum of the jet are equated to the horizontal momentum

of the entrained fluid. The conservation of energy 1nvolves ]
L
energy changes resulting from variations in the ambient 3
temperature as caused by the jet. Hilder [Ref. 1] developed ]
the following governing equations 1in non-dimensional differ- _;
. |
ential form.
T d 2 ) ' .
CONTINUITY —(u b”) = 2wm[ u_-Rcos + a,Rsin -] ]
ds "m 3 :
b
)
d 2.2 . _ | ( . ]
HORIZONTAL MOMENTUM —(u’b” coss) = 4Rub[ ' u _-Rcos=: +a,Rsin-] )
ds' m Tm ! 3
o
d 2.2 . . “a”"m . 2:%° ]
VERTICAL MOMENTUM ——{(u”"b” sin 7) = ( - )
ds "m Dm0 2
ao "mo F
2,2 it 1
\ . .
ENERGY g—s—(umfr . '—‘2b—) = umb2 ; ®,
(A7+1) !
~ ]
B. FLOW REGIMES .‘

i The jet passes through several regimes as it travels
from the nozzle through the ambient. The three regions most

frequently referred to are shown in Figure 1. They are the

S o,
- zone of flow establishment, the zone of established flow ]
3 and the far-field zone [Ref. 3]. In the zone of flow estab- -
)

lishment, the velocity and turbulegce profiles transform from ‘1

r the conditions within the nozzle to a free turbulent flow .j
k

! condition. It is in this region that the jet begins to mix »J
with the ambient fluid; however, the flow is still more .1

15

v v v v ry

LA S
gy




YV o 267 TV Y .Y A A SR RN EFL Sl iNA auade A L ame N TRy -

300 juelfong e Ul suolhHay mold TeotdA], -1 2anbtg

a1zzou = 2 _

, JuswysT1qeiIss morj jo auoz — 2, !
_. =
ﬁ ST~

N
l6

YO SRR O GNP U i I ey PO




S S A P A M R e e A T e A A R AR e S A i T T Te e lrSs

strongly influenced by the nozzle discharge conditions than

i a2 .2 2B _'A~_‘_J

by the amblent. When the turbulent mixing has reached the

( centerline of the jet, the zone of established flow 1s said

oa WP L. aa

to begin. In this region, the profiles have assumed their
free turbulent shapes. Now the flow is governed by the
jets' momentum and buoyancy as well as by the condition of
the crossflow. The far field zone is defined as that region
in which jet momentum is depleted and the jet fluid is con-

! vected and diffused by the ambient currents and turbulence.

C. EFFECTS OF CROSSFLOW

At the immediate exit of a cylindrical nozzle, a verti-

Y. _§ RN 1Y SR N W

cally discharged buoyant jet has a nearly uniform velocity
distribution and has the same cross-sectional shape as the
‘» . nozzle itself. The velocity gradient between the jet and

the crossflowing ambient creates longitudinal shear stresses

SRNDY.. T

at the jet's sides, a positive pressure region immediately
(] upstream and a negative pressure region immediately downstream 4
of the jet. This results in the deflection of the jet's 3
trajectory in the downstream direction (Figure 2), the 1
creation of counterrotating vortices at the jet's outer .
edges and the deformation of the original circular cross-
sectional shape into the form of a kidney. As the stream-

wise axis of the jet approaches the direction of the cross-

Y b4 U

flow, these effects become progressively less pronounced.

a
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III. EXPERIMENTAL APPARATUS

A. SYSTEM OVERVIEW
A surplus milling machine was configured with synchron-

ous drive motors interfaced with a microcomputer that auto-

matically positioned its bed. It was used as a three-dimensional

positioning platform in the same manner as in the laser
Doppler velocimetry work undertaken by Nickodem [Ref. 2].
The milling machine was placed adjacent to a rectangular
plexiglass flume through which the c¢rossflowing ambient
fluid flowed. A vertical nozzle was installed in the base
of the flume to provide the jet. A temperature probe was
suspended through an opening in the top of the flume above
the nozzle by an arm attached to a base mounted on the
milling machine bed as shown in Figure 3. As the probe was
automatically traversed through a series of preprogrammed
positions across the jet, temperature data was automatically

sensed and stored at high speeds by the computer.

B. CROSSFLOW SYSTEM

As illustrated in Figure 4, the crossflow circulation
pump took water from the cylindrical 248.8 1 (65.7 gal)
reservoir shown in Figure 5 and discharged through 5.076 cm
(2 in) diameter tubing into a cylindrical flow settling
chamber 30.46 cm (12 in) in diameter and 60.91 cm (24 in)

tall located within the 60.91 cm «60.91 cm < 88.83 cm

19
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(24 in - 24 in - 35 in) inlet chamber shown in Figure 6. The
settling chamber was sealed at its bottom so that the water
spilled from its top into the inlet chamber through honew-
combed flow straighteners to reduce turbulence and evenly
disperse the flow. To further reduce turbulence, the flow
was broken by another stack of honeycombed flow straighteners
and a layver of fiberglass filter material located immediately
above the normal operating water level. The flow next
entered a 24.4 cm - 32.39 cm - 182.9 cm (9.625 in x12.75 in - 72
flume shown in Figure 7 through a vertical section of the
same honeycombed material mentioned above. To avoid inadver-
tent spillage over the sides of the flume during system
start-up, a 5.076 cm (2 in) diameter overflow pipe was
located in the inlet chamber. During normal operation,

a gate valve in this piping was closed. The flow left the
flume through a 7.614 cm (3 in) diameter pipe at its end

and re-entered the crossflow circulation pump reservoir. A
gate valve located in this piping and shown in Figure 8 was
used to regulate the water level and flow velocity in the
flume. The optimum adjustment of this valve was determined
by trial and error to be closed two turns from its fully

open position. Either a globe or ball valve would have been
more appropriate for this purpose; however, neither was
readily available, so the gate valve was used. The brack:t
shown at the base of the flume in Figure 8 maintained align-

ment between the flume and the milling machine. The watcr
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in the flume was gradually h
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through the crossflow pump and by the addition of the heated

diameter copper tubing located in the flow settling chamber.

2
water from the jet. To maintailin a constant temperature 04
crossflow, cooling water from a refrigerated bath shown 1irn ;
Figure 9 was circulated through a coil of 1.269 cm (.5 in) ]
=
»

Also, fresh water was added at the flow settling chamber
as an eqgual amount was drained from the crossflow pump

reservolr through a 1.269 cm (.5 in) diameter pipe. C(Cross-

el i

flow temperature was monitored by a Type-T thermocouple

located in the inlet chamber. 1

C. JET SYSTEM
In reference to Figures 4 and 5, the jet flow pump
circulated water from a rectangular 26.27 1 (6.94 gal) 4

reservoir and discharged through 1.26 cm (.5 in) diameter :

tubing to a 33.0 cm «50.8 cm <54.6 cm (13 in «20 in -~21.5 in)
head tank (Figure 10). The amount of flow to the head tank
was regulated by a globe valve. Due to a low flow rate

to the head tank, water was also recirculated back to the
reservoir in order to maintain sufficient flow through the
jet pump to prevent overheating it. A constant water level
was maintained in the head tank by a stand pipe which allowed
overflow back to the reservoir. Sufficient flow 1nto the
tank was maintaincd to make sure that it slightly overflowed
continuously. Water drained from the bottom of the head

tank throuch 1.26 cm (.5 1n) diameter tubing and passed
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throuch a rotometer, a .95 cm (.375 in) tubing reducer, a
dye injection svstem (Figure 11), a water heater (Figure 12)
consisting of approximately 6.09 m (20 ft) of .95 cm (.375

in) diameter copper tubing coiled in a heated bath and
finally a 7.144 cm (.28125 in) nozzle which discharged into
the bottom of the flume. Flow was controlled by pinching
the tubing between the heater and the nozzle with surgical
clamps. Drainage from the crossflow reservoir discussed in
Section II1I.B was used to replenish the jet reservoir. The
dye 1injection system, used in photographing the jet, was
located approximately 8.23 m (27 ft) upstream of the nozzle
to minimize any disturbance to the jet that it might have
caused. The majority of this distance was taken up by the
heating coil mentioned above. The vertical distance between
the top of the stand pipe in the head tank and the tip of
the nozzle in the flume was 2.2 m (86.5 in) which equated to
21.56 KPa (3.127 psig). Jet flow temperature was monitored
by a Type-T thermocouple located within the jet flow tubing

approximately 1.167 m (46 in) from the nozzle.

D. TEMPERATURE PROBE

Measuring temperatures in a buovant jet with a thermo-
couple is intrusive. To reduce the probability of distorting
results, steps were taken to minimize the cross-sectional
area of the temperature measuring device as seen by the flow
of the jet. A .0254 mm (.00l in) diameter Ty:;e¢-E micro-

thermocouple was sclected. The suspension device f£or the

28
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microthermocouple had to be rigid and have a small cross-
sectional area, for reasons discussed above, as well as be
an electrical insulator to prevent interference with the
thermocouple performance. A glass annulus approximately
1.45 mm (.057 in) 1n diameter and 11.27 cm (4.4375 1n) in
length was chosen. One lead of the thermocouple was
threaded through the annulus and the other was glued with a
fast drying modelers' glue along the outer surface, allowing
the microthermocouple junction to protrude slightly from the
tip of the annulus. The leads at the opposite end of the
annulus were welded to .0762 mm (.003 in) diameter wire
which subsequently was connected to 28 AWG extension wire

to the computer. The annulus was mounted as shown in Figure
13. Henceforth, this device will be referred to as the

probe.

E. PROBE ACTUATOR ASSEMBLY

The cross sectional area of the probe as seen by the jet
was further reduced by orienting the probe tangentially to
the trajectory of the jet as shown in Figure 14. This
photograph indicated that the probe created no noticeable
interference with the jet hydrodynamics. Probe orientation
was accomplished by the linkage assembly shown in Figure 15.
The fixed end of the probe was hinged to a streamlined tube
23.495 cm (9.25 in) long with a maximum width and depth, as
seen by the jet, of 3.175 mm (.125 in) and 6.35 mm (.25 in)

respectively. It was rigidly connected to the mounting

30
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Figure 14.
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bracket as shown in Figure 15 which was connected to the
probe arm shown in Figure 3 by a single stud which allowed
pivoting of the probe from side-to-side. The stud was also
hollowed so that a linkage rod could extend from the hinge
assembly through the tube and stud to a stroking pulley
which was rotated by a small motor. The hinge assembly and
the stroking pulley were spring loaded to reduce hysteresis.
As shown in Figures 16 and 17, the 1.5 YDC motor, geared to
one rpm, was directly coupled to a potentiometer as well as
the drive pulley. The potentiometer was configured in a
voltage divider such that the amount of motor rotation, and
ultimately the degree of probe deflection, was proportional
to the potential difference sensed across the potentiometer.
Limit switches were installed at the stroke pulley as shown
in Figures 16 and 18 to prevent damage to the linkage

assembly due to over-rotation.

F. MICROCOMPUTER INTERFACE

The data collection process consisted of adjusting the
probe angle of deflection, traversing the three-dimensional
positioning platform and measuring temperature profiles.
All of the mechanisms which controlled these events were

interfaced to an HP-9826 computer shown in Figure 19 through

w e\

an HP-6942A multiprogrammer which performed high speed analog-

to-digital conversions and ultimately provided control
signals to govern relays within the system. Refer to MAIN T
in Appendix B for the microcomputer software which directed

this process.
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Figure 17.

Figqure 18.
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Probe Actuator Motor-
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1. Probe Anale Ad-ustment

As discussed in Section IITI.E, a potentiometer con-

figured as a voltage divider provided probe ancgle feedback
to the computer as shown in Figure 20. The direction of {
motor rotation was controlled by the computer through Type- ;
MRR1CDL replays connected as shown in Figure 21. When the %
probe was at a desired position, a 5.0 VDC signal was applied ]
to pins 6L and 6R which allowed both relays to assume the ;
normally closed (NC) positions which opened the power circuit %
to the motor. When it was desired to rotate the motor clock-
wise, pin 6R was grounded which resulted in 5.0 VDC applied }
across the coil in the right-hand relay. This caused the i
relay to assume its normally open (NO) position resulting in
a 1.5 VDC signal at terminal B of the motor causing it to
rotate in the clockwise direction. The left-hand relay was b
: activated in a similar manner for counterclockwise rotation.
g
' Refer to PROBE SUBS in Appendix B for probe positioning
E software. %
. 2. 3-D Positioning Platform Movement ]
Positioning platform movement was controlled in a
H manner similar to the probe and was discussed in detail by ﬂ
Nickodem [Ref. 2]. Refer to MTR SUBS in Appendix B for ’;
E associated HP-9826 software. 1
f 3. Temperature Data Collection ﬂ
ﬁ Three thermocouples were monitored in the data col-
{ lection process. A Type-T thermocouple located in the inlet
t' chamber measured the ambient fluid temperature in the flume, 9.
[ :
ﬁ 37 ]
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a Tvpe-T thermcouple located in the tubing between the heater

and the nozzle measured nozzle temperature and a Tyvpre-E
microthermocouple in the probe measured the temperature in
the jet. The EMF's generated by these thermocouples were
amplified by "Omega Omni-Amp IIB" millivolt amplifiers shown
in Figure 22 prior to entering the multiprogrammer for
analog-to-digital conversion and eventual transformation to

temperature readings. Fourth-order least squares coeffi-

cients for this conversion were taken from Beckwith [Ref. 5].

Operation of the crossflow circulation pump created suffi-
clent electrical interference to distort the thermocouple
signals. This problem was corrected by applying a thin
coating of silicon sealant to the Type-T thermocouple junc-
tions and by connecting the crossflow circulation pump
casing, the nozzle and the jet tubing in the vicinity of the
nozzle thermccouple to a common ground. Because the jet
tubing was plastic, it was necessary to manufacture a brass
"T" connector as shown in Figure 23 which was grounded and
located in close proximity to the thermocouple junction.

Refer to T SUBS in Appendix B for associated software.
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Figure 22. Thermocouple Amplifiers and HP-6942A
Multiprogrammer
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Nozzle Thermocouple Grounding Arrangement
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IvV. EXPERIMENTAL PROCEDURES

AL CALIBRATION

Before the data collection process could beagin, the
rotometer, the thermocouples, the probe and the positioning
platform had to be calibrated. The detailed steps taken
are discussed below.

1. Rotometer

With a constant level maintained in the head tank

and the jet tubing disconnected from the nozzle and elevated
to the same height as the top of the nozzle, five 100 ml
samples were drawn through the rotometer and timed to the
nearest 0.0l second at each rotometer reading from 102
tc 75% 1n 5% 1increments. Flowrates and standard deviations
in ml/s are shown in Table 1.

2. Thermocouples

Since nozzle and probe temperatures were to be
normalized by the ambient temperature, the nozzle and probe
thermocouples were calibrated relative to the ambient thermo-
couple by using the microcomputer program T _CAL in Appendix
B. The procedure followed is outlined in the initial com-
ments of the program. Coefficients for first order curve
fits were solved by the least squares method with the

mainframe programs TCAL and TFIT found in Appendix C.
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3. Probe

As the probe assembly was being developed, it was
convenient to test its sultability with the probe calibration
panel shown 1n Figure 24. Resistance changes across the
potenticmeter were recorded for varying degrees of deflec-
tion. Analysis of this information led to improved designs
from the standpoint of reduced hysteresis and repeatability.
The microcomputer program PROBE CAL in Appendix B was
cdeveloped to enable calibration of the final design after
it was installed in the system as shown in Figures 25 and
26. The calibration procedure is outlined in the preliminary
comments of the program.

4. 3-D Positioning Platform

The positioning platform was calibrated in a manner
that placed the tip of the probe at desired locations within
the flume relative to the tip of the nozzle. Referring to
the coordinate system illustrated in Figure 2, the center
of the nozzle was defined as (0,0,0) in xyz-coordinates.

The following relationships apply to the probe geometry

shown in Figure 27:

X(real) = XO - Ra cos « tan(/4 - 3/2)
Y(real) = Y + r (1 - cos ,) + R_ cos =
o L a
Z(real) = Z_ - r_ sin vy
o
44
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Figure 26.

Probe Calibration
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e Figure 27. Probe Positioning Geometry
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(XO,YO,ZO) was the position nf t¢he milling machine bed
when the tip of the probe was at position (0,0,0) with

= 0 and « = - = 90 deurees. For calibration, the probe
and probe arm were confilaured with these settings as shown
in Figure 28. With measured values of r_ and Ra entered
into the microcomputer program MAIN T, the calibration was
accomplished by the program MOTOR CAL. The step-by-step
orocedure followed was outlined in the subprogram "SUB
Calibrate." As 1llustrated in 1 igures 3, 27 and 28, the
length of Ra could be modified to compensate for adjustments
of « and - to positions other than 90 degrees. Decreasing
4 increased the distance along the Y-axis in which the
probe could be positioned. Increments of  and : were
scribed on the top of the base and at the tip of the probe
a.m 1n Figure 28 to accommodate this change, 1f desired.
The program MAIN T queried the user for the value of  and
assumed i = . The calibration software also established

position limits to prevent driving the probe into the sides

of the flume.

B. PRELIMINARIES

Crossflow velocity was determined by injecting blue foocd
coloring into the flow and timing its travel through a 1.0 m
interval. The average of several trials indicated the
velocity was .130 m/s (.427 ft/sec) with the flume outlet

valve closed two turns from its fully open position.
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Figure 28. Probe Arm Positioning for Motor Calibration

Figure 29. Typical Buoyant Jet as Obsered with Dye
Injected
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Photograpns of jet profiles as shown 1in Ficure 29 were

taken to determine jet trajectoryv and halfwidths al

—
9]
]
v
ot
5

streamwise axis. This was done by inifecting blue ¢

)
{

culoring into the jet flow as discussed in Section I.1.C0.
The specific gravity of the food coloring was fcund <o o
considerably less than that of water. To elin.nate =<
added buoyant effect this would have had on the set, a smail
gquantity of alcohol was mixed with the food colorina as
suggested by Merzkirch [Ref. €]. The amount of alcohol added
was determined by trial and error. As small guantities were
added and mixed, samples were gently placed on the s.rface
of a beaker of water. Pure food coloring laid on the sur-
face and very slowly mixed with the water. As alcohol was
added, thls buoyant effect grew progressively less and the
mixture would settle i1nto the water. The mixture was con-
sidered satisfactory when it no longer laid on the surface,
but settled to some equilibrium pos:tion in the beaker.

Slide photographs of the jets were projected onto large

sheets of 3.175 mm (.125 in) grid graph paper and digitized

along approximate streamwise axes and half-width trajectories.

A scaling factor was determined by equating the projected
width of the nozzle to its known outer diameter of 7.9375 mm
(.3125 in). The above data was fit to the Michaelis-Menter
Fgquation [+=f. 7] shown below tiv the least squares metiiod

~1th the mainframe program JETCURV 1in Appendix C:




Correlation coefficients close to 1 were consistenzly

@)

n

[N

B
Wl

ct

obtained. To determine positicons withln the jet a

o
-

Ul

to make temperature measurements, five evenly spaced :

']

(T

tions per jet flow rate were selected along the streamwis
axis in the zone of established flow. Data planes sliantilivy
larger than the jet width were centered at these points and
oriented perpendicular to the streamwise axis. Cne hundred
data points were selected in a symmetric sguare matrix with
points most densely populated near the center. The nlanes
were identified alphabetically and in consecutive order from
"A" to "F", where "A" represented the plane nearest the
nozzle. The positions were entered into the microcomputer
and stored by plane on a floppy disk by the program LOAD XYZ
in Appendix B. Accompanying each data point was a probe
deflection angle used to orient the probe parallel to the
path of the jet to minimize interference. This angle was
determined by evaluating the first derivatives of the
equations developed for the streamwise axis and the half-
widths and performinag an 1nterpolation based upon the data

points' position relative to the two curves.

C. DATA ACQUISITION
The flow svstems were placed into operation and the

ambient and nozzle temperatures were monitored with the

o]

crogram T SUB3 to owvaluate system stability and readiness
for data acqiuisition.  The svstem usually took aprrowimately

two hours fto come Lnto oguilibrium. This could be monitored
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by watching the jet nozzle temperature. When conditions
were stable, data consisting of two hundred prcbe, ten
ambient and ten nozzle temperature samples per position was
collected, one plane at a time, by the program MAIN T.

The following information was stored on a florpy disk for
each data point: x, y, and z coordinates; mean grobe,
nozzle and ambient temperatures and the standard deviation
of the probe measurements. The data was transferred to

the mainframe computer by using a modem, the microcomputer

program SEND DATA and the mainframe program GRAB.

BD. DATA REDUCTION

The raw data was organized into a more usable format
by the mainframe program TDATA which also converted the XYZ
coordinates into the XSW system shown in Figure 2. The
resulting data was selectively sent to the program CONTOURd
which applied calibration coefficients to the temperature

data and normalized it in the following manner:

where To was the jet temperature as measured by the probe,

Ta was the ambient fluid temperature and Tn was the
PY temperature of the jet within the nozzle,
Contour plots of this ir formation, generated by the
CONTOUR option of the graphics package DISSPLA [Ref. 81,

° are presented in Figures 30 through 35.
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A

E. RESULTS
The contour plots found in Figures 30 through 35 support
the conjectures in Section II.C concerning the effects of
the crossflow. Figure 30, a plot of plane A centered on
the streamwise axis 46 degrees from horizontal and 7.327 mm
(.288 in) downstream of the nozzle shows significant distor-
tion. Figures 31 through 35 show planes A through E sequen-
tially plotted on the same scale in order to observe overall
jet behavior. Plane E was located 87.313 mm (3.438 in)
downstream of the nozzle and 86 degrees from horizontal.
It can be seen that as the jet traveled further downstream,
the distorting effect grew progressively less, as expected.
The rate of heat transfer from the jet to the ambient
was calculated for each plane utilizing the temperature
distribution matrix generated in the program CONTOUR4 in

Appendix C and the following relationship:

where 5 was the relative density of the jet, Aij was the area
of each matrix segment, Uij was the velocity in each segment,
c_ was the specific heat of the jet and Tij was the tempera-
ture in each segment. Velocity was measured along the
streamwise axis by a laser Doppler velocimeter (LDV). It
appeared to be nearly constant in the region of the jet

observed. The mean and standard deviation was 44.875 mm/s
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and 1.8 mm,’s respectively. By assuming the Gaussian profile )
4
shown 1n section II.B, velocity was determined at radii ;
corresgonding to each segment in the matrix mentioned i
above. The rates of heat transfer are shown in Table 2. 1
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V. CONCLUSIONS AND RECOMMENDATIONS

The objective of this thesis was to develop a computer-
aided data acquisition system and construct a microthermo-
couple probe to be used by follow-on students to study
temperature distributions in turbulent buovant jets. Sample
data was taken to verify system operability. Based on
results, the system performed in a satisfactory manner and
will be an invaluable tool for subsequent studies of buoyant
jets in a crossflowing ambient.

Data point positions were hand calculated and loaded
into the microcomputer with the program LOAD XYZ. This was
an extremely time consuming task and distracted the user
from defining more than 100 data points per plane. The
system can be greatly improved with the addition of micro-
computer software that would automatically determine and
load data point positions. Data point population could then
be increased with ease which should result in smoother con-
tour plots and more accurate heat transfer calculations.

It was necessary to continuously add fresh water to the
crossflow system as an equal amount was drained from it in
order to maintain the crossflowing ambient at a constant
temperature. This was because the cooling coil located
within the flow settling chamber was inadequate to compen-

sate for the heat added to the system by the jet and the

:
|
1
;
i
1
]
'1

..y




e Ty

crossflow circulation pump by 1tself. Although it was
possible to maintain the ambient constant within 1.4 C by
this method, in the interest of conserving water, it 1is
recommended that either a larger capacity chilled water
bath or a cooling system that circulates a refrigerant

rather than water be appropriated for this purpose.
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APPENDIX A

UNCERTAINTY ANALYSIS

Experimental uncertainty was analyzed in accocrdance with
the guidelines set forth by Holman [Ref. 9]. Uncertainties

in the primary measurements, based upon manufacturer speci-

fications and/or the number of significant digits which

could be read, follow:

1. Time (rotometer calibration): .01 s

2. Volume (rotometer calibration): 1.0 ml

3. Rotometer reading: 1.0 percent
4. 3-D positioning platform resolution: .1524 mm

5. Probe deflection angle resolution: .5 deagrees
6. Thermocouple resolution: .0099 °C

7. Thermocouple time constant: .004 s

8. Time (crossflow velocity): .01l s

9. Length (crossflow velocity): .05 m

Based on the above, the uncertainty of the flow rate of the

jet was estimated to be 1.0 ml/s. Maximum uncertainty in

the position of the probe's tip due to the uncertainty in

deflection angle was determined to be .983 mm (.0387 1in).

Combined with the resolution of the positioning platform,

the tip of the probe was positioned with an uncertainty of
1.135 mm (.0447 in) in each plane, or with an overall

uncertainty of 1.605 mm (.063 in) in three-dimensional
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b space. Temperature was measured at the approximate rate of
b

p' 100 samples per second, well within the constraints of the
thermocouple time constant. Uncertainty in the temperature

measurements were governed by the resolution of the analog-

to-digital converter which was .0099 °C. Uncertainty 1in

the crossflow velocity was .00625 m/s (.0205 ft/sec).
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APPENDIX B

MICROCOMPUTER PROGRAMS

1. MAIN_T

) ' MR T
o0 !
2J ! THis progran coordinares the wnt e
“l ! data-tak 1ng 2volution ror meascr, 0
59 ! temperature 4iStributions IN Duovant
Y ' lets.
) !
30 !
30 v 1. Load all subprograms
100 ' 2. Input 2esired DOSLITIONS from i
1y ' disk file of the form @ "SuNEX"
120 ' (value "XX" 1s the run numper)
120 ' 3. Move the 3-D positioning
1490 ' platferm to amach pnsition
150 ! 4. Align the thermocoubie probe with
160 ! the jJet Streamwicse ax!s
V7 ' S. Obtain 200 temperatures at eacn
180 ! position and compute the medn and
130 ! standard Jeviation {(sa)
200 ! 6. Write to disk:
20 ' a. TC)
220 ! b. 39
23 ' C. x,y.l in {(mm)
244 ! notzie center.;ne 13 (U, J.0)
250 !
260 ' Probe and arm dimensiouns (n 1nches:
270 ! a. Shortest arm ,enatn = .
230 ! 5. Longest arm lengtnh = 24,4
230 !
290 Length_probe=d . 4375
310 Length_arm=20.0
el 1]
320 OJPTION BASE !
JaqQ DIM Coef(12) ,%X(500).Y¢(500),2¢500) .Probe_angietSH0)
350 LOADSUB ALL FROM 7 Sups”
260 LOADSUB ALL FROM "™MTR _SUBS™
370 LOADSUB ALL FROM “"PROBE _SUBS™
280 CALL Retrieve_coef(Coef{(=®), " motor_coet’™)
390 '
400 : 2. Input desired positions {rom 3isk
410 '
42 I=1
430 INPUT "Angle of arm rejative o *Y-axis?" dngle arm
a4 INPUT “Fiilename for posit.oning <ata’ .rilenamel
450 ASSIGN ¥ leq TQ Filenames
460 Go _on: '
47 ENTER aFled: XCD). . YCD), ZCD
4Rt !
490 IF XCHr<>-100 THE'
5100 IF X(I)»2-999 THEM
510 Probe_angle([)=Y(])
S0 P _angle=Y( 1)
529 ELSE
Sal Probe_angle(()=P_sngie
530 I=1+1
Snd END IF
i) '
et HOTTS Ga_nn
S0 cNp IF
~i)7 !
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[ aaten sk R St ag

[o NN

2T

15
561
570
530
530
700
710
720
730
740
750
760
770
760
790
800
310
320
330

— il s W T T W

t

6370 Go_on
=D IF
t

ASSIGN ¥Filedq 70 =
Nitemg=1-!
t

'3. Begin loop to take data at each point
t

INPUT “NAME (OF FILE WLHERE DATA IS TQ BE STORED?" . Filenamel$
Records=(Nitems=R=7/25n)+2

CREATE BDAT Filename!3.Records

ASSIGN AF,lel TO Filenamel$

t

!

!

FOR [_position=1 7O Nitems
1

‘a. Move milling machine and move the

4 thermocouple prooe.

1]

I=] _position ;
CALL Move_ldv_to(X(I),Y(I),Z(I) ,Lenght_arm,Length_probe,Angie_arm.“ron

e_angle(1) ,Coeft=))

8410
850
3640
870
380
330
300
310
320
330
340
350
360
370
330
390
1300
1010
1020
1030
10an
1050
1060
1070
10830
1030
100
T
1120 END

!

'

'S, Obtain mean temperature and sd

'

CALL T_couple(T,"PROBE"."C",200,St_dev)
'

'c. Measure ambient and jet temps

'

CALL T_coupie(T_ambient, AMBIENT®,"C™,10.5Sd)
CALL T_coupie(T_nozzle,"”NOZ2ZLE™,"C",10,5d)

'd. Write all i1nformation to disk
[}

QUTPUT 3 1]lel; XCD), Y(D), ZCD)
QUTPUT @Fle1:T,T_ambient,T_nozzle
JQUTPUT #F1lel:St_dev

NEXT [_position

t

4, Close files
1

QUTPYT 3F1let:-100
ASSIGN @F 1lel TO =
L]

15, Terminate program
1
PRINT "All donet"

BEEP
BELP
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N . - T - T A hA SIS AR A
.
:
1
{ *
P 2. PROBE_SUBS
; 3
y 'PRIBT By )
T '
2) ! TH13 program moves the temperature prope J
43 ' to desired ang.ies oOr Jer ectiin. .1
50 ] .
50 ! NOTE: Calioration coefficients are .9
0 't entered 1n SUB Read_anqie, .
30 ! beginning at line 290. -
3 30 ! .
3 00 CALL Read_anglet(Angle)
. 10 PRINMT “"The orobe s oresently at':Angie;" degrees from norizontal.” J
- 120 INPLT ““Wwhat 1s your cestired angie ‘or the orobe?’”, Jesirec_ang:e Y
J 130 CAlLL Prone_move(Desired_angie) 3
L4y LNTY 20
'S0 “MD
160 !
3 170 !
180 !
i 130 SUB Read_angle(Actual_angle) j
! 200 'This program reads the present angle Y
210 'of the probe anag returns it e
[ 220 ' J degqrees = horitontal o
230 190 degrees = vertical, downuward |
L 240 !
- 2540 'A0, Al and A2 = coefficients for a ]
- 250 ‘second oraer curve fit of mV vs angie o
270 'of deflection agata. .
280 !
:‘ 290 'Coefficiaents for 8 June data follow: e
300 !
21 A0=-23.3657824056449
p 320 A1=3.099955N6233164E-2
1 330 A2=-1,22922305456143E-6K
340 ! ' FORMAT A/D CARD
250 NUTPYUT 723:"CC, 17" 'Clear Relay ara ¥
163 QUTPYT 723:"CC, 37" 'Cilear A/D lars
( 270 QUTPUT 723:"CC.7T* 'Clear Digital Card o
4 380 QUTPYT 723:"%F,3,3,2,1.25,12T
290 JUTPYT 722:708,1.10,1T" ' CLISE RELAY
! an( QUTPHUT 723:"1P,37T" ' START a/D
b arg ENTER 72301V
1 420 Actual_angle=A0+AT1=V+A2eynY
o 430 SUBEND
t agy !
<450 ! .4
- agn ! :
’L 470 SUB Probe move(Desired_angle) )
[ 4810 'This subproqgram moves the orobe to the B
L 491 'desired dangie -
" AT ! ’
Le 5]0 ' . Check *o see 1f the angle 1s in )
M S0 ' 4an acceptab.e range. .4
‘ 53N '
‘t S JUTPYT 723:77P. 00T !Clear Reiays R
;?t]l CALL Ciedr_screen ]
i '
t .00 iF 2esired _angie>»d) THEN 4
SESS dane o .
: ) ST IRRRD ,
{
t .1-
i :
.
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S06 BEER 3400
500 “5 0T "Desired angie exceeds 30 Jegrees!'!'”
500 SuBEx DT
500 b IF
S '
=550 IF Desired_angle<0 THEN
560 BEER 3400.°
570 3EEP 380Q0.1
’ 6580 BEZP 3600.,1
: 530 PRINT "Desired angle 1s negative!'!'”
- 700 SUBEXIT
o 70 END IF
720 !
E 730 t 1.a. Clear the digital output card.
4 740 ! 5. rormat the A/D cara.
750 ! c., Ciose the reiay that corrects
{ 760 ' the probe potentiometer to the
770 ! A/D converter.
780 '
730 JuTPUT 723;"0P,7.0T"
300 OUTPUT 723;"SF,3.3.3,1.25.37"
". 310 QUTPUT 723:"CC,1T™
1 320 qutPyUT 723,"08,%,10,1T"
320 '
840 ' 2. Define the acceptabple tolerance
851 ! 1N the anglie (degrees).
{ 360 '
[ 370 Tolerance=.5
380 !
*c! 390 ' 3. Control loop.
and !
3 310 Repeat: CALL Read_angle(Actual_angle)
. 320 PRINT "ANGLE =",
- 330 PRINT USING "DDD.DD":Actual_angle
1 940 BEEP Actual_angie=100,.35
{ gﬁg engle_error-(Desxred_angle-ﬂctual_angle)
b
e 370 IF ABS(Angle_error)>Toierance THEN
!i] 380 !
b 390 IF Angle_error>=0 THEN
s 1000 Direction$="Down"”
L 1010 ELSE
: 1020 Directions=""Up"
’ 1030 END IF
3 1041 !
¢ ° 1050 CALL Motor_go(Direction3d)
- 1060 ' .
’ 070 i30T} Repeat
1080 END IF
1030 QUTPUT 722:"0P,7.0T7"
. Y00 guren T ?23,0CC0,1T" 1Clear relay cardg.
. 1110 SUBEND
. V12N
b 1130
o 1140
} 1150 SUB Motor_30(Directiond)
. BTy F DJirections="";p" THEN
| 179 Lhit=3
t "Bl Enp It
gl '
..
=
E 68
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T4
|

3

4

IF Direction3="Douwn" THEN 4
Lot/ 1

END IF 1

’ K
DUTPYT 723:"0P,7": 2 Lbat; T »

G v

?UBE 10 .}
! 4
' <
SUB Clear_screen -
! Clear the CRT. -
' .
OQUTPYT 2 USING "#,B":255.,75 4
GCLEAR ®
SUBEND he
«

L

4

Y
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3. MTR_SUBS

! ! TR wust
. ,
2 ' The Yollowinrg zeries 2t subroutines
4. ' are ut1i1120 to cailibrate the Do0%.,ti0oNntng
~4d ! srattorm angd yltimately to Move The prope
| ! tip to des.red POSITLIONS within the JeU.
0 '
30 SUB Draw_flume .
00 ' : -
Y ! Draw the Buoyant Jet Flume on tne CRT. .
v :(\l []
120 GCLEAR
ta)  GRAPHICS ON 4
154 AlNGIW 1,48,0.,28 [ ]
15 LINE TYRE
1 MOYE Ao
b1 ' Jraw the top view
'3 ORAW 26,1
200 070k 1y, N
210 TORAW -36,10
220 TDRpW 0, -0
hie) ]
23

2ul) IMOVE 5.3

2%9 IDRAW .70
260 (MOVE 24,0
79 IDRAW 3,-10

LS

238 ' tabel "Top"” )
299 “OveE 0,10 J
300 STIE S b
310 LABEL "Top™ [
320 ' Jrau the zide view. .
230 MOVE 5,22
240 DRAW 26,0
3s0 IDRAW 0,173
360 IDRAW -26.0 g
374 DR 0, =13 ]
330 IMOVE 6.9 ]
310 INRAW 0.3 »
ai}) IMIVE 24,9 '
a1y IDRFW DL -12 '
az0 ' .abel "%ide"”
479 15128 S 4
a41) MOVE 0.2
4t LABEL "Tige”
ant) ¢ )
479 ! Label the picture. !
45y '
440 MIVE 11,35 ’
S noile 7 ‘
S CABEL TBUOYAMT LET FLUME™
5.0 '
5130 ' 2yt on the nozile.
sS4l ! -
€54 MAVE 14,02 -
Sl (oAW1, -
570 TIRAW 25, -
SN Db ), -
Bl !
-1 TMOVE D, -2
- LIlE T

|

70
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WY e,y LY T e
- :

vy

(

P

750

7790
780
790
300
310
8<

330
340
350
360
370
880
830
300
910

A ar, o

-
1

L
'

ABEL "nozzie”

MOVE 14,11
C ]

SIZE 3

ABEL "o

Indicate the direction of flow.

MOVE 8,11
IDRAKW 2,
IDRAK -.5,-.5
IDRAW .5,.5
IDRAW -.5..5
1

MOVE 8,27
IDRAW 2.0
IDRAW -.5,-.5
IDRAW .5,.5
EDRﬂu -.5,.5
SUBEND

1)

;

'

'

!

!

SUB Calibrate(Filename3)
'

@+ B . m . mm w o im w wiW W mw m i w i it W W e

JPTION BASE t
DIM Coefti2)

Calibrate the positioners on the
milling machine movement.

Onto disk. write out the calibration
coefficients and the hard boundaries
that must be observed!

This file will be called "Motor _coef™.

A. Posttion the probe .solume at the

wall of the tip of the nozzie. This
posittion 1s (0,0,0)., All readings
wtll be 1n 1nches. Read all three
potentiometers. Ask the user for the
notile outer diameter and combute the
tero pasition. Ask the user “or the
miliing machine readings.

3. Next, move the bed to some new posi-
tion using the override switches.
Take readinqs from the pots and ask
for the miliing machine readings.
Compute the calibration coefficients,

. Move the bed to each of the extremes
in the X, Y, and I directions using
the nverride switches and have the
user tel]l tne comouter wnen each of
these boundaries are hit., £ater each
Af these onty the disk file.
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1220 !
1230 ' D. Disk File “Motor_coef':
LTV
250 ! 1. x_rero, x_slope
1260 ! 2. y_iero, y_siove
1270 ! 3. i1_:iero, 1_siope
1280 ¢ 4, x_m(n, x_max
1290 ! 5. y_min, y_max
1300 ! 5. z_min, 1_max
! 1310 !
S 1320 BEEP
1330 PRINTER IS
- 1340 GCLEAR
P 1350 QUTPYT 2 USING "#,8":;2S5,75
;‘EE 1360 !
3 1370 PRINT "I, POTENTICMETER CALIBRATION: "
: 1380 PRINT "
1390 PRINT ™ NOTE: 1., Probe must be horizontal”
1400 PRINT ™ 2. Arm must be paraile! to
1410 PRINT the bed ax.s "
1420 PRINT 3. ALPHA = BETA "
1 1430 PRINT ™ '
;. 1440 PRIMT * A, Using the override switches, *
1453 PRINT posttion the orobe volume at “
1 1460 PRINT * the outer wali of the tip of "
1470 PRINT the noztle. *
1480 PRINT " '
1490 PRINT " B. I wtll need the nozzle 3.0. ana”
1500 PRINT the milling machine positon, '
1510 PRINT ™ “
1520 PRIM. "1 Hit <cont>: .

1530 PAUSE
1540  BEEP 1500, .1
1550 [MPUT "1, Nozzie 0.0. (inches)?" Nozzle_od
1560 BEEP 2000,.°
1570 INPUT 2. X (in), t#+ 1nto flume;?" X_1
1580 BEEP 2500, .1
1530 INPYMT 3. y (1n), t* along flume to the rignt}?",Y_!
1600  BEE® 3010, .°
1510 [NPUT ™a. ¢ (yn), {* uwpward:?".7_}
]

1620
1 163 CALL Read pot ("X Yx_1)
A 1640  CALL Read _pot("™" . Jy_ ")
1650 CALL Read _pot('Z" v1_")
1660 !
- 1670 ¢t
[ 1680 CAlL Clear _screen
r' 1690 PRIMT (. ™Maue tre milling machine to a new”
1 1700 PRINT " position (n 3-D, by at least 5
1 1713 PRINT ™ inches 1n edach direct.ion. "

1720 BEEP 3200, .1
1730 INPHUT "X, Y, Z in inches?" X _2.Y_2.2.2

- 1740 CALL Read _pot("X" Vx_ -
1750 CALL Read pot("Y" Vy_ 2

[ 1760 CALL Read_pot("I" Vi_2)
b 1770
; 1780 ' C. Calculate the calibration coefficients
. 1730 !
t 1300 X _zero=-(tNozale_od/2) +VUx _1s((X_2-X_")/(Vx_2-VUx_1 )
s AR X _3100e=(X_2-X_1)y/(yx_2-Vy_!)
-
b

@
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1820 ' ?
1830 Y_zero=-Yy_l#(Y_2-Y_1)/(Vy _2-Uy_ 1)
1840 Y _slopes(Y_2-Y_1)/(Vy_2-vy_" 1
1850 ' )
1860 I_zero=-Viz_i=(Z 2-2 _1)/(Vz_2-Vi_1)
1870 l_siope=(l_2-1_1)/(Ng_2-Vi_1)
1880 !
1890 !
1300 ! D. Find the physical boundaries for each
1910 ! direction.
1920 !

1930  CALL Clear_screen
1940 PRINT "1, Move the milling machine to the "

‘ 1950 PRINT " minimum value of "x . Hit <cont>.”
1968 PRINT “(Away from the flume, backwaras; *
1970 PAUSE ]
1980 CALL Read_pot("X" ,V)
1990 X_min=X_zero+X_slope=V
2000 PRINT "2. Move the milling machine to the
2010 PRINT " maximum vaiue of “x’ {Towards "
2020 PRINT " the flume}l. Hit <cont>. * ]
: 2030 PAUSE o
2040 CALL Read_pot("X",\) 4
2050 X_max=X_zero+tX_slope=V -
2060 PRINT "3, Move the milling machine to the " j
2070 PRINT ™ minimum value of “y'. Hit <cont>.”
A 2080 PRINT "(To the left along the flume} " ]
” 2090 PAUSE 4
2100 CALL Read_pot("Y" ,\) 1
. 2110 Y_min=Y_zero+Y_slope=V ®
2120 PRINT "4, Move the milling machine to the " -
R 2130 PRINT " maxi1mum value of "y . Hit <cont>.”
g 2140 PAUSE
- 2150 CALL Read_pot(“Y" V)
- 2160 Y_max=Y_zero+Y_slope=V 1
2170 PRINT S, Move the milling machine to the -
} 2180 PRINT * minimum value of “:°. Hit <cont>." 'q
(| 2190 PRINT "(Downuwards}" -ﬁ
S 2200 PAUS -
* 2210 CALL Read_pot("Z",V) K
2220 I _min=/_tero+l_slope=V B
223 PRINT 6., Move the milling machine to the " -
2240 PRINT maximun value of "z . Hit <cont>.” 9
2250 PAUSE 1
b 22610 CALL Read_pot("Z™ .\ \
, 2270 l_max=*/_tero+l_slopesV A
> 2280 ! , o,
v 2290 ' B, Write out the file "Motor_coef™.
- 2300
2310 ON ERROR 6QOT0 Purge_file
3 2320 Reenter: CREATE BDAT Filename$,! ]
g 2230 ASSIGN ¥ ile 70 Filename$ : ]
: 2340 ! ]
‘ 2350 QUTPUT ¥ ile;X_zero,.X_slope p
2360 DUTPYUT @File;Y_zero.Y _slope !!
| 2370 QUTPUT #F(le:Z_zero,l_slope
2280 ! 1
2390 QUTPUT #F 1 leiX_min,X_max
2400 BUTPUT @F 1ie:Y_min,Y_max .
2419 OUTPUT aFile:l_min,l_max v
\ 1
' L4
s
A
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a2
2430
2444
2450
2460
2470
2480
2490
2500

T 2510

2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2630
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2830
2900
2910
2920
2330
2940
2950
2360
2970
2980
2390
3000
3010

1
ASSIGN aF le TO =
SUBEXTT
Purje_file: PURGE Filename$

GOTQO Reenter
'

SUBEND

UB Read_pot(Direction$,Value)

Read one potentiometer and return a volt-

age.

R3 -~ Pot X
R4 -- Pot Y
RS -- Pot Z

—---—----m-aoq‘—

'
IF Directin$="X" THEN Relay=3
IF Direction$="Y" THEN Relay=4
[F Direction$="7" THEN Relay=5
'
§
QUTPUT 723:''0P,1,0T"
OQUTPUT 723:"0B.1." Relay;" 11"
L]

QuUTPYT 723:"IP,3T"
ENTER 72301;value
'

'
SUBEND

UB Clear_screen
Clear the CRT,

N Y R R R P e P

QUTPYT 2 USING "o B" 255,75
GCLEAR
SUBEND

UB Motor(Direction$.Rotation$)

Turn on the motor tn the requested direc-
tion (x,y.z) with the reauestion rota-
titon (CW, CCW).,

e wm(f)rw - w - .-
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3020
3020
3040
2050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
2160
3170
3'80
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3329
3330
3340
3350
3360
3370
3389
3390
3400
3410
3420

3440
3450
3460
3470
3480
2490
35400
3510
3520
3520
2540
3550
3760
3570
3540
3590
2600
3610

.

AR san-aie it Aatiie 90 b MAAN) YA AT

Dirs=Direction$

RotS=Rotationg

IF Durs="X" AND RotS="CW" THEN Lbit=2

IF DirS="X" AND RotS=""CCH" THEN Lbit=1
IF Dirs="Y" AND Rot3="CW" THEN Lbit=4

IFf DirS="Y" AND Rot$=""CCW" THEN Lbi1t=3
IF Dir%="2" AND RotS="CCW"” THEN Lbi1t=5
IF Dir$="2" AND RotS="CKW'" THEM Lbit=6

t

'

QUTPUT 723:"0P,7,":2 Lbat;"T"
SUBEND
!

() w = - -

SUB Motor_stop
Stop all motors!

QuTPUT 723:"0P,7,0T"
?UBEND

-

!
'
!
!
!
SUB Retrieve_coef (Coef (=) ,Filename$)
1
OPTION BASE 1

Retrieve the potentiometer calibration
coefficients from a disk file called

T PN

ASSIGN ¥ ,le TO Filename$
1]
3430 FOR I=1 TQ 12 STEP 2
ENTER wFile;Coef (), Coef(Iel)
NEXT 1
t

ASSIGN ¥ ile TO =
SUBEND

'
!
'
'
!
!

SUB Label_point(X,Y,Z,Symbol?3)

'
' Label a point on the Flume diagram
' using the symbol specitied.

L]

PRINT TABXY(1,13)."(X,Y,2) inches = ",
PRINT 1SING "DDD.ODD™:X.Y.Z

75
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2620 ! .
36390 ! 1
2640 IF SymbolS="X" THEN
3639 !
3660 MOVE 14+Y,24+7
3670 [MOVE -.2.-.2 -
3680 IDRAK 0, 4 »
3630 IDRAW .4.0 .
3700 IDRAW 0,-.4 .
3710 IDRAW -.4,0
3720 ! 4
3770 MOVE 14+Y,11+X
3740 MOVE -.2,-.2 )
3750 IDRAKW 0, .4 :
3760 IDRAW .4,0
3770 IDRAW 0.-.4
3780 IDRAW -.4,0
3790 END IF
3800 !
3810 IF Symbol%®=""+" THEN
3820 '
3830 MOVE 14+Y, 114X B
2840 IMOVE 0,.2
3850 IDRAW -.2,-.4
3860 IDRAW .4,0 .
3870 IDRAK -.2,.4 &
3880 ! :
3890 MOVE 14+Y,24+7 ]
3900 IMDVE 0,.2 .
2910 IDRAW -.2,-.4 e
3320 IDRAW .4.0 »
3330 [DRAK -.2, .4 R
3340 END IF R
3950 SUBEMD ]
3360 !
3970 )
3380 ! 4
3390 ! "4
4000
4010 ! !‘
4020 SUB Move_ldv_to(X,Y,Z,Length_arm.Length_probe.Angle_arm,Angle_prote,Coer (= 1
) 3
4030 DEG N
4040 ! )
4050 DUTPUT 723:"CC, 17" {
4060 QUTPUT 723:"5F,3,3.3,1.25,127" N
4070 PRINTER IS 1 t
4080 ON KEY 0 LABEL "“ABORT"™ CALL Stop_all
4090 NPTION BASE -
4100 Toierance=.006
4119 ¢ -~
4120 ' Move the probe to the position indicated X
4130 ' in (inches) relative to the nozzle tip. .
4140 ¢ 3
4150 ' Dimensions are i1n i1nches and degrees »
h 4170 ' A.1 Load in the calibration coefficients. n
: 4120 ! 1
1 4130 X _1ero=Coef () 1
4250 X slooe= ,ei () )
r. o
' 1
)
1
76
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4210 {_tern=Coef(3)

4220 Y _stope=Coefi4)

4220 I_rero=Coef(S)

4240 l_siope=oef(H)

4250 X_min=Coeft (7)

4260 X_max=Coaf(3)

4270 Y_min=Caer (9

4280 Y_max=Coef (10

4290 Z_min=Coef (11}

4300 ?_max=Coef(12)

4319 !

4320 ' A.2 Move the probe

433510 !

4340 CALL Probe_moe(Angle_probe)

4350 !

4360 ' 3. Does (X,Y.,2) lie within the per-

4370 ! mitted poundaries?

4330 !

4330 IF X>X_max OR X<X_min OR Y>Y_max OR Y<Y_min QR Z>Z_max OR Z¢I_min THEN
4400 BEEP 1700,.5

4410 BEEP 2000,.5

4420 BEEP 1700..5

4430 BEEP 2000, .5

444( PRINT "Desired point i1s out of range!”

4450 SUBEXIT

4460 END IF

4479 '

4480 * C. Find out where the probe 1s now, draw

4450 ! the flume on the CRT, and label the

A500 ' desired position.

4510 !

45290 ' 1. Sound warning, movement immenent!

4530 !

4540 CALL Cléar _screen .
4550 PRINT TABXY(1,12),"MOVEMENT OF MILLING MACHINE IMMINENMT!!!™
4560 FOR 1=t 70 4

4571 3EEP 1200, .1

4530 BEEP 1700. .1

4590 BEEP 2200,.1

4600 BEEP 2700, .1

4619 NEXT T

4620 CALL Clear_screen

4530 !

4640 !

4650 QUTPUT 723;"CC,1T" tCLEAR RELAY CARD.

4660 CALL Pnsition("X",X_actual,Valu_shaft,Length_arm.,Length_probe.Angla _arm,
Anqle_probe,Coef (»)) .

4870 CALL Position("Y", Y _ actual,Valu_shaft,Length_arm,Length_probe, fingla_arn,
Angle_probe,Coef(=))

4630 CALL Position("Z™,Z_actual,Valu_shaft.Length_arm.Length_probe.Angie arn.
Angle_probe,loef(=))

4690 !

4700 !

4710 CALL Draw_flume

4720 CALL rapbel _point(X_actual .Y _actual.l_actual,”+™)

4730 CALL Label _pointtXx.v,7,"X'")

47410 '

a7c) * ). *™ove each motor to bring the error

4760 ' Detween ACtudl and Jesired 203 (!ion
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4770 ' into tolerance. 1
4740 !
4720 X_onla=X_actual
4800 X_node: Xerror=X-X_actual
4810 IF ABSt(xerror)>Tolerance THEN i
4820 IF Xerror>0 THEN Rot$=""CCW'"
4830 I[F Xerror<U0 THEN Rot$S="CW"
4840 CALL Motor("X'",Rot$)
4850 CALL Position("X" ,X_actual.Valu_shaft.,Length_arm,Length_probe ,Angie _arm.
Angle_prooe,loner(=))
4860 CALL Plot_path(X_old.Y_actual.Z_actual . X_actual,Y_actual.? _zc"
al)
4870 X_old=X_actual
4880 GOTO X_node
4830 END IF ‘
4300 !
4919 ¥
49210 Y_old=Y_actual
4330 Y_node: Yerror=Y-Y_actual
4940 [F ABS(Yerror)>Tolerance THEN
4950 IF Yerror>0 THEN Rot$="CCW" .
4960 IF Yerror<0 THEN Rot$="CW" .
4970 CALL Motor("Y" Rot®)
4980 CALL Position¢"Y",Y_actual,Valu_shaft,Length_arm,Length _probe,Ang:e _arm
Anqgle_probe,Coef (=)
4990 CALL Plot_path(X_actual,Y_old,Z_actual,X_actual,Y_actual./_sictu
al?
5000 Y _old=Y_actual
5010 GOTO Y_node
5020 END IF
5030 ! h
5040 * 1
5050 I_old=Z_actual ]
S060 Z_node: lerror=1-7_actual
5070 . IF ABS(Zerror)>Tolerance THEN
5080 I[F Zerror>0 THEN Rot$="CW" .
5090 IF Zerror<0 THEN RotS="CCW" ;
5100 CALL Motor("Z" . Rot$)
5110 CALL Position("Z",Z_actual.Valu_shaft,Length_arm,Length_probe.Angle_irn. i
Angle_probe.Coef(=)) 4
5120 CALL Plot_path(X_actual,Y_actual.Z_old,X_actual.Y_actual .7 _acty o
all 9
5130 I _old=Z_actual ]
5141 60T Z_node ]
5150 END IF 4
5160 !
S17Q ! i
5130 CALL Motor_stop
5104 0 .
5608 % ]
5210 FNR I=1 70 4 ]
520 BEE® 2400, .2 ]
5230 BEEP 4800,.2 .
5240 NEXT
5250 !
52673 SBEND
g270 .
. g -
. SRUTE 3
. SRUDI ]
b X
| h
3 ‘ 4
: ]
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[ .
[ 5310 )
3 5320 ! J
- 5330 SUB Posttion(DirectionS.Value,valu_shaft.Length_arm,Length_probe.Angla_30". -
Angie_probe,Conf(=*)) -1
S340 ! -3
5350 JPTICN BASE ! ®
, 5360  DEG ]
. 5370 ! 9
5280 ! Return the position (inches) for the
5330 ! apporopriate direction relative to the -
- S400 ! nozzie tip. B
b 5410 !
| & 5420 CALL Read_pot(Direction%,Voltage) 3
‘ 5430 ! %
1 5440 X _tero=Coef (1)
54510 X _slope=Coef(2) 4
4 5460 Y_tero=Coef(3)
L 5470 Y_slope=Coef(4)
5480 I_1ero=Coef(S)
5490 I_slope=Coef(6) 1
¢ 5500 ! 4
' 5510 ! o
5520 Dir3=Direction$ 1
5530 ! 1
5540 [F Dir$S="X" THEN
- 5550 Valu_shaft=X_zero+X_sloperVoltage
1 S560 Value=Yalu_shaft-Length_arm«C0S(Angle_arm)=TAN(45S-Angle_arm/2.0)
1 5570 END IF |
{ 5580 ' )
(i : 5530 IF Dir$="Y" THEN °
i 5600 Valu_shaft=Y_zero+Y_slope»Voltaqe
5610 Value=Valu_shaft+Length_probe=(1.-COS(Angle_probel))+Length_arm=CI¢(
Angle_arm) B
5620 END [IF -
5630 t }
5640 IF Dir%="7" THEN
S650 Valu_shaft=7_zero+Z_slope=Voltage
q . 5660 VYalue=Valu_shaft-Length_probe~SIN(Angle_probe)
SE70 END IF
: 5680 '
3 5630 SUBEND
. 5700 !
: 5710 !
] 5720 !
1 5730 !
| S740 !
ot 5750 !
- 5760 SUB Stop_all
5770 ' STOP ALL MOTORS AND QUIT
5780 !
5790 GCLEAR
5800 CALL Motor_stop
5810 PRINT "MOTOR CONTROL ABORTEDt !
: 5820 PRIMT "(HIT <CONT> TO CONTINUE)"
L 5830 PAUSE
b 5840  SUBEMD
4 5350 !
" 5860 !
L 3470
’ Saan b
|
b
b
4
L. 79




——— WA sl S A e A A A MEAreaMEMICC AR AR
o
i 5390 !
54801 !
5910 SUB Plot_path(X1,Y1,21,X2.Y2,22)
5920 !
53930 ' Plot the path of the probe on the flume
5340 ! diagram as the motors move the beg.
53950 !
2398 ' {ower plot followed by upper plot.
1
5380 PRINT TABXY(1,13),"(X,Y,Z) inches = ';
5930 PRINT USING "DD.DDD™;X2,Y2.Z2
6000 MOVE 14+Y1,24+71
6010 DRAW 14+Y2,24+72
6020 !
65030 MOVE 14+Y1,11+X1
5040 DRAKW 14+Y2,11+X2
6050 !
6060 SUBEND

.
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150
160
179
1390
190
200
210
220
230
240

44(
4510
460
arzn
450
490
500
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520
550
S4)
550
Shi
570
50
5
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T_couple(Temperature,Chotces,Scales No_readings,Stcev)

SUBPROGRAM T_COUPLE

by Bill Culbreth
19 April 1984

PUURPDSE: This program i1s designed to
read type T or £ thermocoupies and
return the actual temperature to
the calling routine.

Temperature -- Temperature from the
thermocouple 1n degrees F or C from
the thermocouple 1dgentified by

“"Choice$".
Choice3 -- Thermocouple choice, current-
ly: “AMBIENT™, “NDZZLE™, or. "PROBE".
Scaled -~ "F" for Fahrenheit or "C" for
Celsius, or "H" for histogram in "C".
No_readings -- How many readings of the
same thermocouple should the routine
take?
Stdev -- The standard deviation of the

temperature for the indicated number
of readings 1n the units given by
“Scale$™.

1, QOpen all relays and 1nitialize the
A/D converter.

QuUTPUT 723:"CC,1T"
DUTPUT 723:"SF.3,3,3,1.25,12T"
1)

QUTPUT 722:"0P,1.,0T"

2. Close the chosen relays.
a. Ambient T -- Type T, relays 6.8.
. Nozzle T -- Type T, relays 7.3.
c. Probe T -~ Type £, relay 9.

[F Scale$="H" THEN
' Plot a histogram using Celzius.
Histogram35="YES"
Scales="C"

ELSE
“frstogram®=""N0"

END IF

)

'

F Ch01ceﬁ’"0HBIENT" THEMN
Typeda"T"

ShTenr 723:"IB,1,6,0,83.01T"
ND P
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5.0 7.0.3.007
nal N
=51 !
=64 F Choice3=""PRCBE" THEN
570 Typed="E"
531 SUTPUT 723:0B L9 T
20 END IF
730 !
740 !
720 ' 3. Take an A/D conversion and convert
730 ' LNto temperature.
740 '
7‘50 Sum=10
760 Sumi=)
770 !
740 WAIT
790 [F distogram$="YES" THEN GOSUB Set_up histo
3010 '
310 !
320 FOR I=1 70 Mo_readings
330 QUTPYT 723:"1P, 237"
340 ENTER 72201;A
B850 F Typeds="T" THEM
360 A=a/1000
370 END IF
381 F Type3="E" THEN
330 Q=4/°100
300 END IF
400 ! SRIMNT "U(mV) = A
320 GAOSUB Conwer: t
339 ' BEZT A4«100,.01
aan Sum=Sum+A
S0 Sumi2Suml +A=A
364 . !
37? 'F Histogram$="YES" THEN GOSUB Plot_point
30 !
394 MERT
“‘V.)() 1]
111 Temperature=Sum/No _readings
120 !
1950 '
'N4f IF No_readings=! THEN
154G Stdeve)
160 TLSE
t0/n Stdev=SGR(ABS((Sum!-No_readings=*Tamperature 2)/(No_readings-')1)
Nen TNDOIF
RN !
:TUJ * 4, Open all relays.
ST
i) wyTenT 722:vap T
4« 3" 1]
Prann SUBEXIT
cieq o
ik '
[IRIE AN ]
Y T anvars vt
o ' "mig subroutine conuverts (my)
2 YSram a tmermn i ong e LTty Teemoos
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0 '
0 !
30
1249 IF Type$="T" THEN
1250 A=2.5651297E+1+A-5,1954869F-1#A=A+2.2181644E-2A"2-3,.55009E-4=1"4
1260 END IF

+

2rature.

A_a-4 a2 mEE.E 4.« s 2 & -

1270
128G !
1290 IF Type$="£" THEN
1300 A=1.7022525E+1=A-2.2097240E-1=A«A+5.4809314E-3»R"3-5.7663832E-5-4"4
1310 END IF 4
1320 ! ]
1330 ' Fix the scale.
1340 ! {
1350 IF Scale$="F" THEN A=1.,8=A+32 <
1360 RETURN )
137 ! d
1330 ! ]
1330 ! , {
1400 ! 1
tq19 ot
1420
1430 Set_up_histo: !
1440 '
1450 ! Set up a histogram of temperature
1460 ! versus number of counts.
1470 '
1480 ' 1. Zero out the Height(=) array.
Ty 1490 ! 4
G - 1500 DIM Height(203) [
- 1510 ' '
’ 152 FOR I=1 TO 202 .
1530 Hei1ght(I)=0) .
1540 NEXT I <
1550 ' .
1560 ' ’
1570 DUMP DEVICE IS 701 ]
() . 1520 GINIT /
L 1530 JUTPYT 2 USING **#,B*:255.7S
| 1600 GRAPHICS INM :
- 1610 FRAME :
: 1620 “IiNDOW -100,100,-10,100 4
s 1630 MOVE -R5.32 4
4 1640 CSIZE 7 b
1650 LABEL ""TEMPERATURE HISTOGRAM™ 1
Y 1660 AXES 25,10.,9,0.4,5.3 /
- 1670 PEN -1 .
; 1680 MOVE 0,-10
! 1690 DRAY 9.0
. 1700 MOVE 5,30
’ 1710 DRAW 1,30
1720 “EN
1730 ' )
o 1740 ' Take !71 temperature readings to get
4 1750 ! the scai=.
S 1760 '
} N Sum=i
b 1780 sum 't =1
4 7ar FAOp .t T 0N
{ i WTRNT T2ye T
b
®
L. .
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ENTER 72301:A
NEXT L
)

FIIR 1=1 70 100
QuTRPyT 723:"IP,3T"
ENTER 72301:A
IF Type$=""T" THEN
A=a/1000
END IF
IF Type®="E" THEN
A=A/1000
END IF
GOSUB Convert_t
Sum=Sum+A
Sumt=Sum] +A=A
NEXT I
T_mean=Sum/100
Sd=SQR(ABS(Sum!1-100=T_mean 2)/93)

'
! (Change the window to extent from
! -4=Sgq to +4=Sd.

MOVE -12,-/

CSIZE 4

LABEL USING "DDD.DD'";7T_mean
MOVE 15, -7

LABEL “C"

1

MOove -87,-7
LABEL UJSING "DDD.DD";T_mean-3+Sd
MOVE 63,-7
%RBEL USING "DDD.DD'; T _mean+3+Sd

'

MOVE 5.47
LABEL *'S0"
?

'
+
!

3. Calculate the window temper-
ature interval.

'
Interval=4#Sd/100
]
T_min=T_mean-4»Sd
T_max=T_mean+4=5d
1

WINDOW T_min,T_max,-10,100

RETURN
+
+
'
!
)
!
Plot_point: !
!
' Plot each temperature point as
: recetved on the histogram.

Freqst(A-T _mim /(T _max-" min))=3000+1000

Coaamma -
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2414
2429
2430
2440
2450
2460
2470
2480
2430
2500
2510
2529
2530
2540
2550
2560
2570
2540
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2630
2700
2710
2720
2730
2740

Nt T B
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BEEP Freq..d!
J=9
t
FOR T=T_min 7O T_max STEP Intervai
J=J+1
IF A<=T THEN
Height(J)=He1ght(J)+1
GOTO Continue
END IF
NEXT T
'
' Draw the point.
+
Continue: !
'
'
MOVE A.Height(J)
CSIZE 4
LABEL ".*
]
! Label the number of points and
! the temperature.
'
PRINT TABXY(2,3):"T(Cr=":A
PRINT TABXY(2,5);"Sample #";I[
'
RETURN
'
'
'
'
!
!
SUBEND
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T CAL

330

420

470
430
430
500
510

550
‘60

500
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' T_CAL

)

'This program records the output from the
fampient, probe and norzie tnemocouples

'for ralibration purposes. "he data :s
'printed as wetl as fransmitted to a gata
!(119

'Data 1s recarded 1n the following orger:
a. Ambient temperature

b. Probe temperature

c. Norzle temperature

é
!
!
'Place the ambient, probe and nozzle
!'thermocouples into a bucket of warm water,
'execute this program, then add :ce.

12

!

LOADSUB ALL FROM "T_SUBS"™

t

' Identify the BDAT file
1)

INPUT “MAME MF FILE WHERE DATA IS TN BE STORED?.Filenamel$
Identify the number of data points desired
PUT "NUMBER DF DATA POINTS DESIRED?" Nitems

Identify the number of samples per
thermocoupis per data point

Inttialize a counter
=1

'
'
IN
L
'
'
'
%JPUT “NUMBER JF SAMPLES PER DATA POINT?”.Sample
'
'
I
'
: Create a data file

Records=(MNitems=3=3/256)+2

CRFATE BDAT Fiienamei$,Records

ASSIUN #Ftlel 70 Filenamel!$

1]

'
'
CALL T_couplet(T_ambrent, "AMBIENT" “C" Sample,S5d)
BEEP T#5n,.0%

PRINT "TAMB.SD=":T_ambient,Sd

CALL T_roupie(T,"PROBE"."C" , 3ample,St_dev)

BEEP T»50..0S

PRINT ”TDQOBE SD=";T7,St_dev

CALL T_couple(T_nozzle TNOZILE™,"C",Sample.Sd)
BEEP T=50..05%

PRINT “TNOZL.SD=";T_nozzle.,5d
'

Take data and print results

i Send data to the data file
1

QUTPUT sFilel:T_ambient,T,T_nozzle

' Test to see :f Finished

86
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3

! Close the data file
]
QUTPUT sF1lel;-100
ASSIGN &fF 1 lel 10 =
L]

'
t
PRINT "ALL DONE"
BECr
SEEP
£MD

Alert the user...the job 1s completed

87
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6. PROBE_CAL

300
30
320
330
340
350
360
370
330
330
400
4110
520
430
440
450
460
470
480
440
500
510
52

530
541()
350
Se6i)
570
530
530
BO

'
]
1
1
'
!
i
!
!
!
!
'
'
'
'
'
4
!
'
'
'
'
'
'
!
'
i
'
'
1
'
1
'
'
'
'
'!
!
!
'
'
!
!
!
!
'
'
'
d
!
!
!
]
!
!
!
!
t
'
!
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~ROBE _CAL

"his program will provice the aata
necessary '0 :ai.Drate probe et . ect.,on
11 used i1n the following manner:

a.

b.

Switch OFF probe actuation pouwer
at the probe base.

Swing the probe arm out of the
tank such that the probe s
accessable.

Attach the calibration panel to the
probe assembliy, taking care not to
damage the glass probe.

Run the program...:t wtll ask for
the desired position 1n mV. The
followtng guidelines apply:

1. If 1t 1s desired to lower
the probe, type the extreme
value 39000 canything >4600
will work, but 3000 15 a
guick and easy number to
enter).

t1. If 1t 1s desired to raise
the probe, enter the extreme
value 30 (anything less than
940 will worx).

The program will next ask which b1t
1s selected to be "high”. The
following guidelines apply:

1. If 1t 1s desired to lower the
probe, enter /.

t1. If 1t 1s desired to raise the
probe, enter 3.

Switch ON probe activation power and
when the probe reaches a desired’
degree of deflection, switch the
activation power OFF and record the
mV value printed on the screen.

Repeat steps (d) through (f) until
sufficient data 1s collected. Load
this data into the program “POLYFIT”
and request a second order fit

(let X=anqle and Y=m\V).

Enter the coetficients derived by
thi1s orogram 1nto the approprtiate
location in the proqgram "PROBE _SHIBS".

MOTE:  The relays will be activated on

88
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510 ! di1g1tal low! When the machine noots
520 ! up (hp-8826), all relay lines are
620 4 high (+5V). The (nstructions delow
6%0 ! will drop the voltage to :iero.

550 !

560 INPUT “What 1s the desired position? (mW)" Voltage
670 PRINT "Desired position (mV) =":Voltage
1

..!LL>

630 éRead the actual motor position.
700 ! If the desired position 1s BELOW the

710 ' actual position, then tell the motor

720 ! to move UP.

730 t If 1t 1s ABOVE, then tell tt to go DOWN. y
740 ' ﬂ
750 ! ]
760 INPUT “WHICH BIT DO YOU WANT HIGH?",Lbit

770 !

780 !

790 QUTPUT 723;"CP,7,0T" 'CLEAR ALL D/0

800 QUTPUT 723;"0P,7,";2 °Lbut ;" T"

810 !

828 OUTPUT 723;"CC,1T" 'CLEAR A/D CARD ;
83 !

840  QUTPUT 723:"SF,3,3,3,1.25,12T" FORMAT A/D K
850 QUTPUT 723;"0B,1,10,17" t'CLOSE THE RELAY :
360 tTHAT CONNECTS THE :
870 'A/D CARD 7O THE 1
380 'POTENTIOMETER B
890 QUTPUT 723:"1IP,3T" !'START A/D COMVERSIOM .
900 ENTER 72301:A 'ENTER A/D VALUE INTO A. X
310 DISP A )
320 BEEP ABS(R)Y, .01

330 ! 1
340 ! The following IF stops the motor when

350 ' 1t reaches 1t's limits. 1
960 ! 1
970 [F (Lbit=7 AND A>4600) OR (Lbi1t=8 AND A<940) THEN

380 QUTPUT 723:"0P,7,0T" 4
3990 BEEP

1000 PRINT "ALL DONE''!"

1010 END IF

1020 GOTO 890
1030 END

N
¢ 1
X -]
Lc
N
.
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7. MOTOR_CAL

i
20
20
40
39
5
/0
30
30
100
110
120
130
140
150
160
170
130
190
200

“ITOR _CAL

'
1
' PIURPAOSE: Calibrate rthe potentiometers
' used with the mMOtOrs On the mi.ling
! macnine.

1

! .

0PTION BASE !

DIM Coef (12>

'

QUTPUT 723;"<F.3.3,3.1.25,12T"
LOADSUB ALL FROM "MTR_SUBS"™
LJADSUB ALL FR(OM "PROBE_SUBS™
Files="motor_coef"

1]

CQLL Calibrate(File$)
1

CALL Retrieve_coef(Coaf(=),Files)
BEEP 2400.1
'
'
PRINT "What (x.y.2) position do you wish to"

PRINT " move to? (inches relative to noz-"
PRINT " ile)™

INPUT X,Y,2

' :

CALL Move_ldv_to(X,Y,Z,Length_arm,Length_probe,Angle_arm,Probe_angle, Cue’ ¢

!

BEEP
GOTD 280
END
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8. LOAD_XYZ

130
200
210
220
230
240
250
260
270
280
230
300
310
320
330
240
350
360
370
380
230
40n
410
420
430
4410
455
460
470
480
490
530
510
520
530
540
550
560
571
S80
530
t51)1)

v LIAD 4 Y2
1)
' 5y Bill Culbreth
|
' 30 April 1984
'
'
' PURPOSE: This program wiil allow the
! user to enter desired (x.,y.z) posi-
' tions of the milling machine rejative
! to the nozzle. The values will be
' stored on disk to pe utilized later
' by MAIN_T.
'
DIM X(500),Y¢(500),Z¢(S00)
'
t 1, Input the file name.
1)
GOSUB Clear_screen
L}
PRINTER [S !
PRINT “Input the file name."
PRINT "{ I suggest "RUNXX’' where "XX'"
PRINT ' 1s the run number. P
PRINT
INPUT Filename$
)
,
' 2. Beqin inputting data.
]
1
GOSUB Clear_screen
]
“RINT "Do you wish to append a previous data file?”
INPUT Answerd
'
IF Answer$="YES"™ THEN
[NPUT “Previous file name?" Jld_file$
ASSIGN 3Filet 7O Old_files
'
[=0
Loopt: !
[=I+1

ENTER #F plel:X¢I), (D), Z¢D)

QUTPUT 701570 X, Y, Z="; [, x¢D . Ych, 2D
IF XC(I)<>-100 THEN GOTO Loop!

ASSIGN dFilel 70 =

PIIRGE Old_f1le$

Count=[-1
ELSE
Count=0
END IF
‘L \
(0SUB Clear_screen
3EcP
1)
PRINT "1, Input the desired positinn in "
PRINT ™ tnenes as X, Y, ana .
PRINT
SRINT "2, Torminate input by entering -0 "
91
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)
! 4
’
ntd PRINT "2. Tarminate input Sy entering -'H0°"
Y4 PRINT ™ For X, Y, ana 2.¢ 1
53 PRINT 3. If 4ou wish ta enter an orientation angle."
540 PRINT " enter -39Y,ori1entation,d ."” ]
550 PRINT
560 ! W
670 Begin: !
6530 Count=Count+! "
530 PRINT "Ttem #":Count g
700 INPUT "(X,Y,Z) in inches?",X(Count),¥(Count),Z(Count) R
710 QUIPUT 701:"1,X,Y,Z=":Count ,X{(Count),Y(Count),Z(Count) 1
720 IF X(Count)»<>-100 THEN GOTO Begin N
. 730 !
V‘! 740 End_count=>Count-! 4
3 750 '
3 ;60 ! Al]l data points have been entered.
70 '
780 ' a. Set up new softkeys.
790 ! b. Explain softkeys.
800 ' ;
810 GOSUB Clear_screen a
’. 820 ! 3
} 830 PRINT "SOFTKEY LABELS:"™
840 PRINT ™ 0 ~-- WRITE data to disk.” -
850 PRINT ™ 2 -- EDIT out bad data."
860 PRINT ™ 4 -- HARD copy the data on printer."”
p 370 PRINT ™ 6 -- LIST data on the CRT."
{ 830 PRINT " 8 -- STOP terminates the program.” ]
. 390 !
*c 300 ON KEY 0 LABEL "WRITE" GOSUB Write_data !f
b 310 DN KEY 2 LABEL "EDIT" GOSUB Edit_data .
920 ON KEY 4 LABEL “HARD" GOSUB Hard_copy -1
330 ON XEY 6 LABEL “LIST™ GOSUB L.st_data
940 ON KEY 38 LABEL "STOP™ GOTQ Terminate
. 350 GGTO 300
g 360 ' K
; 970 ! i
. 3980 '
(] : 33q !
! 1900 ' 1
1010 ! .
1020 ' .
} 1020 Clear_screen: !
{ 1040 ! :
[ 1050 ' Clear the CRT display. )
t 1060 '
e 1070 QUTPYT 2 USING “#,B":255.75 ?
- 1080 GCLEAR - :
. 1090 RETURN ki
- 1100 4 .
1110 h
g 1120 ! :
[ 1130 ' ;
11410) '
e sy ! )
1160 Hard_copy: ! !
: 1179 '
- 1‘3% : Print out all data to the ortnter.
iRT
200 PRINTER IS 701
° !
92 \
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1210
120
[y

12320
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
134Q
1350
1260
1370
1380
1290
1400
1410
1420
1430
1440
1450
1460
1470
1480
1480
1500
1510
1520
1520
1540
1550
1560
1570
1580
1530
1600
1610
1620
1630
1640
1650
1660
1670
1680
1630
1700
1710
1720
1730
1740
1750
1760
1770
1780
790
200

PRINT " Count X(inches)
PRINT

Y(count) Z(count) "

PRINT
FOR I=1 TD End_count

PRINT T,.X¢D) Y<(D),Z¢DY
NEXT I

PRINTER IS 1

RETURN

'
'
!
'
'
'
L

1st_data: !
t

' List data to the CRT.
]

GOSUB Clear_screen

!

PRINT "There are';End_count:" data points.” "
PRINT
INPUT "Which point do I start with?”,Start
INPUT "which point do [ end with?",End_agata
]

FOR I=Start TO End_data
PRINT “I.X,Y,Z=";1,X¢(D),Y(D),Z(D
NEXT 1

RETURN
!

!
!
!
'
'
d

Edi1t_data: !
t

% Edit data.

QOSUB Clear_screen

INPUT "Which data point do you wish to alter?™ ]
t

PRINT

PRINT "For pornt #":;1:", (X,Y.D) uhere:"

PRINT XD, v¢lyie. #i2¢1s
t

INPUT “Type 1n the new values:” X(DY,Y(D),Z(D

RETURN
]

'
'
'
'
!
r

WArite_data: '
L}

93
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! 1810 '
- '320 {(Ena_count+1r~-100
- 330 Y(End zount+’ r2-100
- 1340 ZeEnd_count+?i==100
: 15590 '
m ’8?0 Max_data=3=tEnd_count+!)
: 1270 '
R 1880 File_stze=INT(Max_data=8/256)+1
[ 1890 '
- 1900 CREATE B8DAT Filenames$.File_size
[- 1910 ASSIGN WF:le [0 Filenames
. 1920 '
: 1930 FOR I=-' 70 End_count+!
& 1940 QUTPUT &F Je X(D),Y(I), Z(D>
e 1950 NEXT I
X 1960 !
b 1970 GOSUB Clear_screen
{ 1980 BEEP 2400..3
4 1930 PRINT "File ":Filename$;'" has been stored!"”
2000 ASSIGN aF 1le TO =
2010 RETURN
2020 !
203 '
2040 !
2050 !
2060 !
2070 !
2080 Terminate: !
2090 GOSUB Clear_screen
2100 PRINT "NORMAL TERMINATION OF PROGRAM!"
2110 END
S
E
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SEND DATA
) ! SEND_DJATA
24 !
30 ! To YAX,IBM.TRS-80.
40 !
50 ! HP-3826 TERMINAL PROGRAM
50 ' [REGUIRES BINARY ENHANCEMENT PROGRAM
7 ! "BEB"! ]
80 !
30 ' JUNE 30, 1982
109 ! updated 1/5/83
10 ! updatea 1/16/84
120 '
130 ' 3ILL CULBRETH
1410 '
150 '
160 Sc=9 ' RS-232 IS SELECT CCDE 9.
170 PRINTER IS 1 't PRINTER IS CRT.
180 Pr=t ! DEFAULT PRINTER IS (RT
130 Printer_choice=701 ! MY PRINTER IS 701,
200 Bits=? ! BITS PER CHARACTER
210 Duplex=0 ' FULL DUPLEX
220 Baud=300 ' BAUD RATE
220 Computer=1 t ASSUME [BM COMPUTER
240 !
250 QUTPUT Pr:" (300 BAUD, IBM assumed.”
260 QUTIPYUT Pr:"” Load the binary program 202 7 .r3e
270 QUTPUT Pr:" unless you have BASIC 2.3
280 QUTPUT Pr:™ SET MODEM ON <FULL J0P.Z1>
290 DUTPUT Ppy»
300 !
210 DIM Name$1200) ,Ho_f11e3(301,Ra(13030) . NumnsS( 30}
320 INTEGER Isena
320 !
240 CONTROL Sc,3:Baud .
350 CONTROL Sc,4:8i1ts-5+4 ' BITS/CHAR & #ST0P BITS,
360 !
370 !
280 To_disk=0
230 Dataaump=0
anq I_data=!
411 =1
420 J=1
4750 K21
AuQ L=t
451 !
461 NN ERROR 6OTN Errors
ali DN KEY 0 (ABEL "Line Mode” (0TN Line _mode
480 N XEY S (pBEL "Termina1” GOTO Terminal
4430 AN «EY 5 LABE "7y Jre” GOTT Pr_cre
S0 ON <EY 7 (AREL "To Pre” GOT0 Pr_prt
510 ON YEY 3 _AKEL "DATAT GJT0 Jata_oump
GO ]
3
541 Line_mode: '
550 CUTPHT PromfLINE RECEPTION MNDE "
560 Beqgin: STATUS Sc, 0yt CHEZY FOR R, BUFFER
57
580 , IF BIT(Y, =0 THEN G070 Beqin
gy
St) vORECETYE RNUTINE,
95
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510 '
. 529 Receive: STATHUS Sc.5:A
- 630 B=R
540 QUTPUT Pr SING "2, A" :CHRS(B)
55 IF B=63 AND Datadump=1 THEN GOTO Data_dumo
560 IF B=13 AND Computer=3 THEN OQUTPUT Pr:CHRS(13)
670 G070 Begin
630 '
6590 ! TRANSMIT ROUTINE.
700 !
710
720 IF Duplex=0 THEN
730 IF NUM(Key$)<>255S THEN QUTPUT Pr USING "#.A";Key$
740 IF NUM(Key$)=255 THEN QUTPUT Pr;" *
750 END IF
7%8 [F Computer=1 AND NUM(Key$3)=8 THEN Key$=CHR$(H4)
7 !
780 ! the previous line gives an ¥
790 ! for a backspace for the [BM.
800 4
310 IF Computer=S AND NUM(Key$)=8 THEN Key$=CHRS(127) )
820 '
830 t  THE VAX/UMS REQUIRES A DELETE J
840 ! SYMBOL FOR A BACKSPACE. .
350 ! )
8610 IF NUM(Key$)=255 THEN Key$=CHRS(13)
870 QUTPUT Sc USING "# .A":Key$
880 GOTO Begin
850 ! ]
300 ¢
310 ! ¥
320 ! DATA FILE QUT TQ THE HOST COMPUTER. i
930 ! .
940 !
350 ! . .
360 Data_dump: ! - -
973 IF I_data=1 THEN GOSUB Open_file :
98 ' p
390 IFf Datadump=0 THEN GOTJ 3Beqin
1000 IF Computer=1 THEN wWAIT .3
1010 ' wait for the slow [BM.
| 1020 BEEP 1000+RND=»1500,.05
: 1030 QUTPUT Pr:"AC"; I _data;")=";
. 1040 QUTPUT Pr;Aacl_data)
¥ 1050 GOSUB Send_number
s 1060 IF Ra(l_data’r=-200 THEN
9 1070 I_data=!
= 1080 Datadump=0
. 1090 END IF
:. 1100 [_data=I_data+!
3 1110 GOTO Begqin
[ 1120
s 1130 ¢ 1
! 1140 ' ERROR HAMDLING SUBROUTINE 3
e 1159 ! ’
11650 Errors: OFF ERROR b
~_ 179 Close i 1ie=~200 ]
1140 t S IRST, END JF FILE ERROR.
{ 1199 IF £RRN=S9 THEN ]
L 200 Ral 1) =-200 -
¢
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GOTO 2000 ' RETURN AFTER ERROR.

END IF
4
IF ERRN<>S9 THEN QUTPUT Pr:"<error #;ERRN:" qenerated.>"
IF ERRN=S4 THEN QUTPUT Pr;"(FILE <*;Hp_f1le$:"> ALREADY THERE!"
IF ERRN=54 THEN GOTO Created
IF ERRN=56 THEN QUTPUT Pr;"<FILE (":Hp_fi1le$:"” IS NOT ON DISK.>"
ASSIGN &F1le TQ =
GOT0 Line_moage
'
'
! QUTPUT TQ CRT.
[}
Pr_crt: Pr=1
GOTO Line_mode
'
'
' QUTPUT T0O PRINTER.
1]
Pr_prt: Pr=Printer_choice
GOTO Line_mode
'
'
! CHANGE THE TERMINAL CHARACTERISTICS.
'
Terminal: !
QUTPUT Pr;" 1. Baud Rate =";Baud
QUTPUT Pr;" 2. Bits/Char =":Bits
QUTPUT Pr:" 3. Duplex =";Duplex
QUTPUT Pr (1=full.0=halfl”
QUTIPUT Pry* 4, Computer =";Computer
QUTPUT Pr;" {IBM=1, VAX/UNIX=2, "
QUTPUT Pr;"” TRS-80-3, Cyber=4, vax/vms=S5]"
QUTPUT Pry" ™
INPUT "Change which one?" Which
IF Which=1 THEN INPUT "To?",Baud
IF Which=2 THEN INPUT "To?",Bits
IF Which=3 THEN INPUT "To?”,Duplex
IF Which=4 THEN IMNPUT "To?".Computer
IF Computer=1 THEN Duplex=0
I[F Computer=3 THEN Duplex=0
IF Computer=3 THEN Bits=8
IF Computer=S THEN Duplex=1
GOTO Line_mode
[}
§
!
Open_file: ! ’
! Open a file to read data from
' disk.
!
Datadump=!
1]
INPUT "Is this LDV data? (1=YES}".Ldv$
IF Ldav®="1" THEN
c INPYT "Experiment #7" Experiment$
LSE
NUTPYT Pr:"Data file out of HP to host.”
[NPUT "File name?” Hp_71led
END OIF
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1310 '
1229 IF Ldus="1" THEN
1820 Hp_f1le$=Experimentsa’ _RESULT™
1849 END IF
1859 !
1860 ' Read the file off of disk.
1879 '
1880 ASSIGN 3F,le TO Hp_f1leS
1839 I=1
1900 Check =0
1919 BEEP
1920 BEEP
1930 QUTPUT Pr;"(Horking on file ¢ :Hp_filed;">.}"
1940 !
1950 =
1969 ENTER #F1le:Aa(D)
1970 Check =Ra( D)
1980 [=]+1
1390~
2000 !
2010 ASSIGN F 1le TO =
2020 Datadump=1
2030 RETURN
2040
2050 !
2060 !
2070 Send_number: !
2080 ! SEND A NUMBER ONE CHARACTER AT
3090 : A TIME TO THE HOST COMPUTER,
0 !
2110 Numb$=VAL$(Ra(I_data))
2120 Length=LEN(Numb$)
2130 '
2140 IF ((Ldv$="1") AND (I_data>13)) THEN
2150 Pos1t=PNS(Numb$,".™)
2160 IF (Posi1t<>0) THEN Length=Posi1t+2
2170 END IF
2180 '
2190 FOR I=! T0 Length
2200 Numeri1c*NUM(Numb${I.I D)
2210 JUTPYT Sc USING "#,A" :Numb3$[I,I]
2229 NEXT I
2230 '
2249 NUTPHT Sc USING ¢, A" :CHRS(13)
2250 RETURN
2260 !
2270
2280 ! !
2290 END
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APPENDIX C

MAINFRAME PROGRAMS

TCAL
PUNBNSF ¢ THIS PRUGHAM PLACES THERMOCCUFLE CALIBRATINON DATA
QeCEIVF(] FROM THE HP=9R26 MICHOCOMOUTER INTO a
MORE aURKAQLE FORMAT FOK USE IN THE PRNGRAM TFIT,

DIMENSIUN TPRUAE (2001 ,TAME(200) «TNOZZ(200)
=1

READRDIO7e) TaMR (]

IFLIAMIIIT) JFN.=-200.0) GO 1O 20
REAGIOT7 &) IPROGF (1)
RQEALIUT «3) TNUZZIL L)

NITEvws= |

1201

GJ 11 10

CuUNT InUE

ax{ s (Mna0)

00 3O (21 .NITEMS
aRITETLDN ), TAMB{ [ ), TRRUBEITL I, TNOZ2{T)

CUNIT [ NUL

FURMA IO " AMBIENT (C) ', 22X '"ORHOBE (C10,2%, *NOZZLE (C)*)

FUHMAT IR ,13.0R.2iFn N0

STnw

FNYD -
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2. TFIT

TFLY

PURPOSE ¢ THLS PROGRAM PERFNRMUS A FIRST URDER CURVE FIT gY TwHF
LEAST SQUAKFES METHGO FGR TaC CLLUMNS OF DATA, THF
FIRST COLUMN LISTS vaLutS (OF x anD THE SECUND LISTS
VALUES OF Fix) IR Y. FNR THERNMACNUPLE CabL ! “RAT LuN,
LETD & 2 fHE aMplenNl fFYPERATLRE. AND LET v = E[ThER 4
THE PQUHE GR NOZ{ILE TEMPERATLRE aAS DESIRED,

[a¥alalaXaXaXaXeXaXe!

DIMENSION X(1501.,Y(15S0).XS50(150)XYI1S0),YEST(150)
SUMX 0,4

SUMRSUZU.O -
SUMRY=N,.Q '
SUMY: Q.0 1
SUMNUM=0.0

SUMUE N2 QLU p

AE AL 7,3 INTTEMS

OU 13 (=1, ,NITENMS
HEAD(7,3ix( ).V
A5G E =xt )22 R
AV LY =AYy (1} .
aumMxzsuMxexf [}

SUMXHA=SLMXSUexSCHE
QUMRY = UMXY s xY (1)
sUMYzSyMy sy ([ ) .
10 CONTFINUE 3

X{TpMszFLUATINITFEMS )

AL HBUMYSSUMXSI-SUMXESUNXY )/ I X [TEMSESUMXSO-SUMRE:D)

BRI TEMSESUMRY =SUMX ZSUMY 1/ [ X [TEMSEISUMX LO=SUMXSS2 ) A

YHIANZILUMY /X ] Ty -

DU 20 131 NITEMS
YESTLE)S3EX( () ea

alIF(ASIYLSTLLY, Y(LY g
SDUMMUMZSUMNUMe (YEST I [ 1-vYHAR)SS2 -
LSUMDENZSUMBDENS Y T)-YAAR)&32

27 CuIfiNUE
500249 UMNUMYZ SUMOE )
eI TH ([ Ay%) a1 ,R50
ST
E N1

4

Al

B SEn gne an sgn amn mn 4

&
-
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JETCURV

[a¥aXalaXalaXaXala¥al

v e i disteafh att abS JhuhARait et bt Mt Hadt B A S

TH1S PROGRAM FITS JET TRAUFCTCRY DATA TQ HF EQUATION
Z=Aasvy/szisevyt BY Mt LEAST SNUARES METHAOD annD COMPUTF 5

COURIM_ATION CUEFFICIENT (RKES2). DATA POINTS aRL wWEAD
[N FRELE FURMAT FRACM UNIT "“7% (C[SK,

» TR T 8T T T e T ‘*lT

LARE AR

DIMENSION Y501 420501 .YYIS0)e2Z1S0).YSQ(S01.Y2Z{50)2FST{SQ)

SuMY ==y .U
SUMYSUzZ VY
SLMYZ 0.0
SUM/Z=0.0

SUMNUM=0.0
SUMUEN=TO

LU TR TR SV R X ]

SUMY =SUMY e
SUMYSQzSUMY
SUMY Z=35UMY 2.
SUMZ aSuMZe2
CUNT INULE
XITCS=FLUATINTLTEMS)
BAZ | SUMLELUMYLQ-SUMYESUNMY .
B (X {TENS2LUMY Z-SUMY Sy
t.0/74a
Astit
AW =oUMI/X{TEMS
2 1=l MNITEMY
LEST L)z YyY([)e
Wkl Telos30)22011h,
SUMNUMISUMMNIUIMe (2
SUMNENZSUMOrNe {22
CONT [ NUE
RSOzSUMNUMZ SUMNDEN
HITE () cGUTAGYeRSC
FUMMAT L X 02 (aCTyAL) =9,F
FORMAT [ [ X PAT ¢ ,F|2.M42%,°
Sinw
FND

~NL P

¢

-]
b}

<
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GRAB

PURPNSE : DATA TRANSFER FROM THE nP-382¢6v{CRACCMPYUTOR
TQ Tre (8M,

AY 1Ll CULGRETH
FGR YE2al0, FALL CUARTER, 1982

FILEDEFR 295 TEmMINAL
FILEDEF 26 TFRM{ENAL
FILEDEF 27 DIuk MYDATA pATA {PERM}

GLOBAL TXTLIB FORTMODZ2 MOC2EERF
TYPE (N fHE ARCVE & LINES TO MaAKE TMIS
FORTRAN PRAOGRAM RUN.

DIMEMSTIQON CATYA( 30008
=1
WwRITF{6.,80)

A0 FURMAT (2X,'BEGIN INPUTING DATA FAQCM THE ~P-9a2K/°')
C
C
10 CONT INUE
HEAUlS.xY DATALL)
f21e1
IFIDATA({I-L).NE.-200} GQTC 10
C
NITEMS = [=4
) FORMAT I 22X, [, NATA POINTS 4ERE ENTEREC .
ehilethet) NITEWS
C
C NGw Tral ALl DATA wAS HEEN ENTENED, wRITF [T Jul ON
C NISA .,
C
S FOIMAT 2%, *DATA(*,1S.°) 3 *4tF15e51
1=
20 an [TEL2,8) OATA(]})
t=1et
[FloaTalfl-1).MF,=20C) GOTC 20
C
C ALL UATA HMAS TEEN &R[TTFEN ONTO DISK.
C
¥ Ealzd
N
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X
A 5. TDATA

v—

aYalaYaleRaXakakal

TOAT A
PUALCSE:  THIS PRUGRAM PLACES THE AUCYANY JET DaTa RECEIVED
FHAM [ nP=G26 MICRCCOMEUTFER [NTO A ~URE (RODFRLY
FORMaY, U a3 CONVERTS UNETS OF LENGTH FROM 51
TO MEIWRIC.

NEMENS [UN 2L(2003,Y(200),21200),TPRNOBE (200) . TANB(200) ,TNOZ2(20010,
SINEVLI200) « AMM{ 200) , Y™™ (200} ¢ ZMMI 200

10 REAV(LZ .2y x{t)
[Fi{x(]).63.=-200,0) GO TQ 20
AMM () =2S5.45x(1)
Reauiu?Z.s)y vt
Yua| | )=295.a5Y( L1}
Reantul.s) 2L 1)
Iwei{t)=cS.032010
Ne ARl o7 IPRNEETT)
REAL(DZ,2) TAmMH (]
READIOP .5 TNDZZ2EHD)
e AaLluT?.2) STCEVILY
NiTH M5
=11

GO Ty Lo
27 CUNTINUE
aniTF({H,a0)
DU 30 Lzl JNITFUS
WHITETOsD0 )] (MM () YNNI [} 248 (T}TIPROBE(T | TAMALT | INGZZITY,.
1SToevi L)
30 CUNT{InNUE

a) FUHMATI I oY, *X (MM} ax, 'Y (*Mmte ax,*Z2 (M) 2Y,'00N3E {(C)*.1x.
Lramis e NT (CH* o1 x,'NCZlbe (C1°iXa*STID Oev QY)Y
SO FORMATILIX (1 303X 02 (F 233X 00k 7 )atk4ulfFA,)ax))
SINe
[ ]
~
3
.3
P
c o
1
<
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CONTOUR4

PURPASE

laXa¥a%2Y2Y2YalaYaXalakalaWala¥aakalatalaYaRalaXatatatal

DIMEMSION X(100).Y(1001F{100).TP{100)«TAL100)ITN(100),TM™AT[10,10]!

CONTUUNRS

et SR i St i B AR A A P o i A R

THIS PROCRAM S CESIGNED TC CISPLAY BUQYANT JFT
TEMOeRATLRAE VDATA ISING A CONINUR DLOTTING PAaCKAGE
AVAILAEELE w(TH OLSSPLA, TrRFE FOLL TwING Raw DaTa (S
HFa) FRCM A& DISX FLE: PRCEF POSITICNS IN xY/?
CAARCINATES “ELAT IvE TQ TwE AROZZLE T8, aMptenT
TEMPERATURE, PROAF TEMEFRATURF aND NOZ2Lc TFWOFQa TyQEe ,
IHe PRQPE AND NNZILE TEMBERATUKFS ARE TRANSFE IRME:

HY CAL [BRATTIUN CUEFF ICLIENTS ANU HOAMAL I 7D wH T AMBIENT
TEMPEIATURE . fHE xY? COURCINATES anNE CONVERTED N

xSa COCRCINATFES RFLATIVE TC IkHe [INTERSECTIQON OF ThHe
UAfA PLANE #{ Tk THE CENTERLIANE fRAJECTURY UF TwF JET
(THE S=axI[s [S TANGFNT 0 fTre TRAJECTIRY). I~{s
HRUGHRAM ALSO CCMPUTES HE ~ATRE OF RFAT TRANSFEWR FHRQM
THE JET TC ThE amsl JENT,

NOTE : TRE FULLOWING VALUES MUST AE [INSERTED AS THE
FIRST LINE NF CATA [N FREE FCRwmAT: THF TOTAL NUMHER

CF DATA POINTS INITEMS ), THE ACUTE ANGLE At TaEEN

THE pDATA PLARS AND HCRIZONTAL (ThETA} AND THE VERTICAL
DUISTANCE TETacEN ThE Z-ax1S ANO THE [INTERSECTION

POINT CISCUSSET ABQOVE (ZA), THE CENTERULINE VELUCITY

IN M/S (VEL) AND JET w(DTH (N M4 (w[DTH]),

COMMON wORK [ 16000

D

%N

-y

[
C
C3 2 £ & READ DATA FRQM UNIT “7% DISK ¢ & & = 1
C
C
READI7.8) NITEMS,THETA,ZA,VEL ,wICTH
C
DO 20 1=1.,N|TEUS E
READUZ?42) A ,X(11eAaYlI)oTRLLI . TALLI) TNIL), A ]
YUY = (Y{[)=28)1/SINITHETA) J
C
C CALIHRAT[ON CNEFFICIENTS 1
TR(1)=.936R098752TD ([ }e},76079nCS 1
TNILY=e33322%4262IN([ )1 ,d4754086 ¥
C
Fet) = (/@Y = TallliZzZiTNLLY - Ta(]l))
20 COMTINuUE
C
C 10 FUNMATI X s 'leXeveT=z0,(5,1F15.9)
C
C
Cs % & & DIVENSION QF Tmar & = & ¢
[«
< )
1xDIM = 10
fyHyMm = to ]
C
C
C
Ce < 5 3 rIND TrE MAX[IMUM AND M{M[MUM TEMPFLATURES & & 2 =
C
C <
TMin
T™MAX
XMAX
Y™aA
M
YMliNz
C
nu &0 Teuy
1F Lie TMmax) rvax = Tttt
\F Lle FRing TwiN = T¢(1)
2
i
]
.
Y ‘e Sy PP b ‘A e - e S N |




UE
wl
I~

L0
4
4
4

ANOON

ox=0(1
cv=(t
Quaux
GuADY

[

[a¥alal
4
@

AkEA=

& & =
¥ % ¥ 2%

s & oA

4
P
L1

caLL
catL
caLt
cavLL
CatLL
CaLc

N NN NAaN

CatL
CAlLL
Catvc
CaLL
CaLL

[a¥a¥al

CaLL

CA

(X{lleuloetvaxavax:
tvittleolsvyMaxtyvax:
et Toxmgpr tamne
PY LU sl T aYyNMIN) PV
~Sue

TFRM{NEg TwHg

ADWANT , ASSUNMING

A SUUARE MaTR ¥ O
AMAX=-XMIN)/FLCAT (T x
rMaAX-VYMINP/FLOAT LY
SHFLUATTIXUIMEZ2.0)
SHRFLUATHLYOINMYZ2.0)

ND O THE

VXSNY

INCREMFATAL AREA FQOR HFAT

ESTABLISH Twe

FTINCR=(TMAX=-TMIN)/S,25

$ GENERATE THE GRIC $ %

CcOmMPRS

rExsl1 9

PAGE( deeq.
pBLuwuP [0.75)

PHYSUR (1 e2%sLe}
AREAZD(Se5455)

HEIGHT (D.1300})

CARTUG

iNTAXS

ANAMy ("X (MM )s°e,10Q0
YNAME { ¢w (MM)g ', | 0C
CatL xTICksted

CALL yrirewsteet

CALt YaxanNGis0.2)

SalSoHm

HEAD{M{PTFMOERATUNE COANTCOURS
HEADIN( w(TH a
HEADINE*129% FLCA
MEAD [N IPLANE

Alse

“AX [MUM VALUES
Tme

<« <

ANF
DiM)Y /71000
NiM}l/zton0.
LN
AV 4

3 %

s 1006l aa

in

ax (s

A CUUJYANT
CHROGSFLUWING AMYATENTS? 1 100e2 409 )
~ATE |3, 10Cel et}

GRAF 1 =30.0e0%:0330e0s=30e0405.0 20,0

"NE~ATE

THE

INTERPCL

aCUMUNITONO0)
CAaLL BRAaSe ([ T™M[)

(.

ATED

PRGrMAT [ I XDIN,L,IYDTV)

CALL GETMaT XY, TonITFENS,0)

care
C
Cs ¢ ¢ £ L0uve
C
PRIV T IR
chh 70
a4

-,

* SeallINR2F-PLT
=~ del a7~ =4 T4
XKATGUALE-FL 1Al )
YYzituAlLY-Fpalg

FNOMAF[TMAT (0 )
THe RATE NF mFAT
[=leiXUIM

0 JitllYynisM
RIYz A beundDda 1)

1P YN S IEN SN |

R YPR RVEERIIWER B IV N
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TRANSFFR

3ol 91 4F -5
MaT (!,
val(leddis
afttslizca
=11 Dx

=t Ley

P AR VR

TEMO QAT Ry

~

a2 & 0~
T s %

TI0uN.

s

MaTRX

STwAaTl] L)

NF X ANU ¥ wl{THIN A
3ITREaAmw [ SE

CENTZQED

INCREMENT SIZE FCR CONTQUR PLOTS 2 =

LE A VY )
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TRANSFFER CALCULATIONS

=3

-
¥

JETS® . 100,2.,8)
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T E TR T AR T

SN . I VIR

VEVELSEXPI=-RADIUSES2/w ] DTHES2)

UZHNZANE ASVS 363 [IMATIT )l es 7 38,.16)
QSuUM=QsSuUMeld

00 CONT I NUE J
0 CONT INUE
WRITELO.80105UM b
80 FORMAT (I1X.*0N= *,F20.5) 4
C
Ct = & & PLUT ThE CINIOLRS = & & 2 -
;
CALL CONMAK({TMAT, [xQIMJIYCIM, TINCR) 1
Catt CONULINEO*S0LILS " «'LARELS vt 10} -
CALL CONANGIOU.u)
CALL NASPLMNID.29)
CAaLL CONTURIT . TLABFLS s *NRAW" )
CaLL MFLGHT (D.09)
CALL RLMFLS L' 1C $°.1004-99.-59) .1
caLe unt
CalL WwRINtL.1)
CALL e~NORPLLIOD
CaLL VUNNEPL
ST
END
-
1
K
41
IA \.
{ 4
b 1
t' .4-
@ B
- N
r -.
4 '\
9
¢ ]
. 1
- .
p
b
L
-
4
' o o
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APPENDIX D .
TABULATED DATA

TABLE 1 f

ROTOMETER CALIBRATION »

% Flow ml/s Std Dev (ml s) 7

5 =

10 5.94 0.32 ;

15 8.02 0.56 .

20 10.05 0.41 P

25 11.85 0.24 -4

R

30 14.03 0.33

35 15.98 0.58 1

4Q 17.41 0.31 ;

1

45 19.09 0.34 |

50 20.75 0.23

55 22.38 0.28 '1

60 24.27 0.22 ]

65 26.03 0.20 5

70 27.64 0.37 !

75 29.53 0.24 -

)

L o

]

‘ ®

| ®

1 9
P,
{
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TABLE 2

¢ TEST RESULTS

Crossflow velocity: .13 m/s
Nozzle flow rate: 11.85 ml/s (25%)
Nozzle inside diameter: . 7.144 mm
i 1
; Nozzle discharge velocity (mean): 29.558 mm/s ;
Lé Nozzle temperature (mean): 41.8 °C g
3 L
; Ambient temperature (mean): 24.9 °C
' Froude number: 14.8 :
C
g Michaelis-Menter equation: *
- Coefficient A: 2.64284325
i Coefficient B: 1.03698254
4
{
-
S .
& Plane Y (mm) ¢ (degrees) Q (W)
- —
\ a 7.327 46 1.20
()
r B 21.370 58 6.392
{ C 39.688 70 15.349
. D 62.889 80 18.1383
o
= E 87.313 86 27.628
;.
|
h
L
@
3
{
}
b
b
3
’
{.
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